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Perceptual judgments, particularly 
for simple sensory dimensions, are 
largely determined by the physical 
relationships among the stimuli pre- 
sented for judgment. For compara- 
tive judgments, the most important 
relationship is between the stimuli 
singled out for comparison—usually 
the standard and whatever compari- 
son or variable stimulus 
at the time of judgment. But other 
context stimuli such the back- 
ground and the preceding variable 
stimuli may also affect the judgment 
(e.g., Garner, 1954; Kiinnapas, 1955; 
1931). Thus the prediction 
of the judgment involves differential 
weighting for the influence of the 
standard and the various features of 
the stimulus context (Helson, 1947; 
Helson, Michels, & Sturgeon, 1954). 

Absolute judgments are distinguished 
by the absence of any specified stand- 
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1 Research supported in part by National 
Science Foundation Grant G-7485. Special 
thanks are due Norman H. Anderson for a 
critical reading of the manuscript. 


ard so that the scale of judgment is 
completely dependent 
context stimuli. Consequently, 
the the various features of 
the stimulus context can be more 
readily determined. 

The present studies were designed 
to further our understanding of con- 
text effects by systematic manipula- 
tion of the context stimuli for absolute 
judgments. 


more 
the 


upon 


role of 


The first experiment was 
planned to test adaptation level theory 
as elaborated by Helson (1947) and 
Johnson (1955). While the theory 
yields some relatively unambiguous 
deductions, there have been no studies 
which manipulated the stimulus con- 
text over a sufficient array of values 
to provide a clear basis for evaluation 
and improvement. Perhaps the most 
adequate tests have been made by 
Johnson (1944, 1949), who used the 
method of single stimuli to study the 
effects of different distributions of 
weights and tones. Johnson’s results 
were consistent with his theory, but 
the number of different distributions 
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of stimuli and also the number of Ss 
judging each of his distributions were 
too small (relative to the variability 
among Ss) to provide a sensitive test. 

The initial objective of the present 
research was to obtain judgments of 
a much greater array of stimulus 
distributions than had ever been 
studied before. Both the method of 
presentation and the stimulus dimen- 
sion were selected with a view to 
simplifying the relationships between 
stimuli and judgments. All of the 
relevant stimuli were presented simul- 
taneously to maximize Ss’ informa- 
tion about the stimulus values. An 
abstract dimension, numerical magni- 
tude, was chosen to simplify the 
perceptual relationships among the 
stimuli. 


METHOD 


The features which were common to all 
four experiments will be described in this 
section; those particular to the separate 
experiments will be given in the appropriate 
sections. 

Stimuli.—The stimulus context for each 
S consisted of a set of approximately 44 
numerals, mimeographed on a single 84 X 11- 
in. page. The instructions for judgment were 
printed at the top of the page, ard the 
numerals were arranged in four columns 
beneath the instructions. Except when 
otherwise noted, the set ranged from 108 to 
992, with no repetitions. The standard 
arrangement was in order of increasing 
magnitude down the columns, with 108 at 
the top of the first (left margin) column and 
992 at the bottom of the fourth (right mar- 
gin) column. Table 1 characterizes the 
stimulus distributions with respect to the 
frequencies with which numerals from differ- 
ent parts of the range were presented. The 
numerals were approximately evenly spaced 
within each of the nine subranges, but tenden- 
cies to use exactly equal increments or to 
favor any particular third digit were avoided. 

Subjects—A total of approximately 450 
junior high school students, and 900 introduc- 
tory psychology students (freshmen and 
sophomores at Swarthmore College and the 
University of California, Los Angeles), formed 
the two samples used in these experiments. 
The selection of Ss was dictated by considera- 
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tions of convenience; and while the data will 
be treated separately for these two samples, 
the research was not designed to analyze 
the observed differences between the samples. 
Any S who did not maintain an ordinal scale 
(i.e., order his categories in conformity with 
the order of the numerals on the page) and 
did not use all of the available categories was 
eliminated under the assumption that he had 
not understood the instructions. While this 
involved considerable selection for the 
younger Ss, the selection did not appear to be 
systematically related to the experimental 
conditions. Each S judged only one set of 
numerals, with between 15 and 51 Ss judging 
each set. 


Procedure.—The stimulus sheets were 
distributed in the classrooms, Ss in neigh- 
boring seats always receiving different sets 
of numerals. The printed instructions (also 
read aloud to the younger sample) were as 
follows: 


This is a study of how people judge the size 
of numbers. On the bottom of the page, 
there is a list of numbers placed in the order 
of their size from very small to very large. 
Your job is to study the entire list and then 
to decide how large or small each number is— 
in comparison with all the others on this page. 
Write down on the dotted line next to each 
number how large it appears to you. For each 
number, choose one of the following sizes: 
very large—VL; large—L; medium—M; 
small—S; very small—VS. Thus if a number 
seems to be of average or medium size (com- 
pared with the others), write the letter M 
next to it; if you judge it to be very small, 
write VS. Be sure to write one of the five 
size abbreviations (VL, L, M, S, VS) next to 
each number. Take your time with these 
judgments, but do not worry about tricks or 
fancy arithmetic. The purpose is to find out 
how you compare the sizes of different 
numbers. 


After several minutes, Ss were told to turn 
their papers over as soon as they were satis- 
fied that they had correctly followed the 
instructions. The papers were collected after 
10 min., most Ss requiring about half that 
time. 

Analysis of the judgments.—Adaptation 
level theory has been primarily concerned 
with the prediction of the midpoint of the 
judgment scale, the adaptation level (AL). 
This is the value of the stimulus eliciting the 
central category of judgment (e.g., medium). 
When a range of stimuli elicit the central 
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category, some method must be employed 
to estimate the stimulus value within this 
range which would be judged central if S 
had to make a further subdivision. While 
presentations of the theory have not spe- 
cifically dealt with this problem, the theory 
asserts that the AL for these ‘“‘medium”’ 
stimuli would be a linear function of their 
mean (see below). Consequently, each S’s 
AL was defined as the arithmetic mean of 
the stimuli that he had judged medium. 


This value served as the dependent variable 
in all of the experiments, and the statistical 
evaluations of the effects of the different 
independent variables were based upon 
analyses of variance for these ALs. 


EXPERIMENT |: THE MEAN 


The fundamental assumption made 
by both Helson (1947) and Johnson 


TABLE 1 


NUMBER OF STIMULI IN RESPECTIVE PORTIONS OF THE RANGE 


Cond 108-199 200-299 300-399 400-499 


Experiment I 


§00-599 600-699 700-799 800-899 900-992 
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(1955) is that each stimulus pulls 
the AL, the midpoint of the judgment 
scale, toward its own _ perceptual 
value. The resultant AL is assumed 
to be a linear function of the arith- 
metic mean of the perceived values 
of the stimuli presented for judgment. 
However, since the perceived values 
are not directly known, it is necessary 
to rescale the physical values so as 
to conform to current hypotheses 
about the perceptual effects of the 
stimuli. In practice, both Helson 
and Johnson have gone along with 
Fechner by taking geometric rather 
than arithmetic means of the physical 
stimuli. An advantage of numerical 
magnitude, the stimulus dimension 
studied in the present experiments, 
is that no rescaling would appear 
necessary since discrimination should 
be of equal difficulty over the entire 
range of numerals. The hypothesis, 
then, is that AL is linearly related to 
the arithmetic mean of the 
numerals presented for judgment. 
This is tested in Exp. | by presenting 
different sets of numerals for judg- 
ment and observing the relationship 
between the resulting ALs and the 
arithmetic means of the different sets. 


set of 


Method 


The junior high Ss were presented the 
nine distributions described in Table 1. It 
should be noted that the selection includes 
distributions of varying degrees of both 
positive and negative skewness as well as 
normal, U-shaped, and rectangular distribu- 
tions. In addition, five of these distributions 
were presented in reversed order, with 992 
at the top left, and the other numerals 
decreasing in value down to 108 at the 
bottom right. These five reversed-order 
distributions (one of which was also presented 
in random order) are identified in Table 2 
by the addition of an R to the condition 
label. 

The college Ss judged only the distribu- 
tions indicated in Table 3. These were all 
presented in the regular order, small to large 
The number of Ss judging each distribution, 
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TABLE 2 


Juntor HiGH ScHoot ADAPTATION LEVELS: 
Exp. | 


Cond.* SD || Cond.* 


Mean Mean 
AL AL | 5? 


308 39 
296 79 
368 83 
403 62 
467 74 
435 79 
464 | 133 
492 | 104 


496 45 
537 | 40 
489 | 104 
553 94 
612 
654 
624 


ER 


* Addition of R to label signifies that the distribution 
identified by the first letter was presented in reversed 
order; DRs was presented in random order. 


junior high and college, is 


Tables 2 and 3, respectively. 


presented in 


Results 


Junior high ALs.—The means and 
SDs of the ALs for the younger 
sample are presented in Table 2. 
The ALs for the nine of these groups 
which were presented the numerals 
in order of increasing magnitude are 
plotted against the stimulus means in 
Fig. 1. A for deviations from 
linearity of regression yielded an 
F = 1.18, df = 7/208, indicating that 
the least-squares line 
origin = 


test 


(slope = .85, 
27) gives an adequate fit to 











MEAN ADAPTATION LEVEL 





’ as 
300 600 700 
STIMULUS MEAN 
Fic. 1. Relationship between AL and 
stimulus mean for junior high groups judging 
numerals in ascending order. 
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rABLE 3 


STIMULUS PARAMETERS AND COLLEGE ADAPTATION LEVELS 
Stimulus Parameters Adaptation Levels 
Midpoint Median Range AL» AL ® Error® 


Experiment | 
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Experiment II 
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Experiment III 
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5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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30 425 42! 5 405 2 2.2 


30 674 ‘ . 656 55 9 
32 288 3s § 300 bi 2.6 


32 901 873 25 6.0 


*AL predicted from the following regression, equation AL» = .547(Midpoint) + .450(Median) — .027 
(Range) 


> Difference between obtained and predictec 8 divided by .01 (Range) 


the data. This result is consistent Cond. E but with very different 
with the prediction from the Helson means. For Group 10E (N = 31), 
and Johnson theory of adaptation § each of the numerals in Cond. E was 
level. multiplied by 10 so that the new 

Two additional groups were tested distribution ran from 1085 to 9925. 
on U-shaped distributions similar to For Group 0.1E (N = 29), each of 
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the numerals in Cond. E was mul- 
tiplied by 0.1 and rounded to a whole 
number so that the new distribution 
ran from 11 to 99. The obtained ALs 
for these two groups were 4992 and 
51. These values might have been 
predicted by multiplying the least- 
squares prediction for E by 10 and 0.1, 
respectively (predicted ALs = 4945 
and 49). <A corresponding Group 
D/10 (N = 23) yielded an AL = 38 
as compared with a predicted AL =40 
(1/10 the least-squares prediction for 
D). It would seem that multiplying 
each of the stimulus values by a 
constant factor changes AL by the 
same factor. The rationale for this, 
in terms of adaptation level theory, 
is not immediately clear. It depends 
upon the interpretation of the con- 
stant term in the least-squares line, 
the AL intercept. If this value 


represented the effects of either past 
experience or background stimuli not 
being manipulated by E, some ad hoc 


assumptions would have to be made 
to explain why it should change by 
the same factor as the stimuli pre- 
sented for judgment. This problem 
will be taken up again in the discussion 
following Exp. IV. 

College ALs.—The ALs for the 
college Ss are presented in Table 3 
along with the ALs for the conditions 
‘ which will be described in later sec- 
tions. The least-squares slope relat- 
ing AL to stimulus mean is smaller 
than for the junior high groups, and 
the ALs are larger. 

Ordinal effects.—The ALs for the five 
junior high groups presented the 
numerals in both forward and reversed 
orders were analyzed asa 5 X 2 design 
with Ss randomly eliminated so that 
each pair had equal N. Both ordi- 
nal and distribution effects were 
highly significant : F = 22.3, df = 1/130; 
F = 36.4, df = 4/130. However, the 
interaction F was less than one. 
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The ALs for the five reversed-order 
conditions have a least-squares slope 
of .87 when plotted against the 
arithmetic means. This is approxi- 
mately the same as the slope for the 
forward-order groups; however, the 
value of the AL intercept is raised by 
33. Since the ALs for judgments 
of length (which also showed no inter- 
action with distribution; Parducci, 
1959b) shifted toward the stimulus 
values presented and judged first, 
one might assume here that Ss tend 
both to look at the numerals and 
subsequently to record their judg- 
ments in the order of appearance 
upon the page. The fact that the AL 
of the junior high, random-order 
group, DR, in Table 2, was inter- 
mediate in value between the ALs 
for the junior high D and DR groups 
is also consistent with this interpre- 
tation. However, a college Group 
DR (N = 25) yielded an AL of 459 
(SD = 49). This was actually lower, 
although not significantly so, than 
the AL for the college Group D, 
suggesting that any ordinal effects 
for college Ss were not determined 
by the order of the numerals on the 
page (ie., these Ss might judge 
numerals in order from very small to 
very large regardless of the order on 
the page). That college Ss also show 
ordinal effects is suggested by the cate- ° 
gory-width analyses described next. 
Category widths——For each S, a 
tabulation was made of the range of 
numerals included in each of his five 
respective categories of judgment. 
This was obtained by subtracting the 
mean of the two numerals bounding 
the lower limen of each category 
(arbitrarily taken as 100 for the ‘very 
small’) from the mean of the two 
numerals bounding the upper limen 
of the category (taken as 1000 for the 
“very large’). Mean category widths 
for four of the conditions are graphed 
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Fic. 2. Mean category widths for junior 
high groups. Dashed category 
widths which would be obtained if the respec- 
tive categories were used with equal frequency. 


lines are 


These four were selected 
to illustrate major trends found in the 
category-width data. 

Comparison of Cond. G and GR 
shows the characteristic shift associ- 
ated with the order of the numerals 
upon the page. Although there is a 
general tendency to use the middle 
categories more frequently than the 
two end categories, it is greatly 
modified in G by the relative narrow- 
ing of the “‘small” as compared with 
the ‘‘large’”’ categories. This measure 


in Fig. 2. 


of the ordinal effects is quite large 
relative to the total range and is 
statistically significant when the anal- 


ysis is based on the difference in 
category widths (“‘large’” minus 
“‘small’’) for the two orders of the 
D, G, and H distributions. It is 
interesting that the GR curve is not a 
mirror image of the G curve and that 
none of the other pairs form mirror 
images, either. Analogy with the 
previous research on ordinal effects 
for judgments of visual length (Par- 
ducci, 1959b) suggests that under 
the reversed-order conditions, many 
of the junior high Ss work through 
the numerals in order from small to 
large, rather than from upper left 
to lower right on the page. Thus 
the reversed-order curves appear to 


represent judgment scales which are 
freer of systematic ordinal effects. 
The category-width curves for the 
college groups which judged the 
symmetrical distributions (i.e., E, F, 
and G—not illustrated) also have the 
asymmetry shown for G, suggesting 
that they also reflect some kind of 
ordinal effect. 

A second major trend in the data, 
illustrated by the D and FR graphs, 
is the tendency to compromise be- 
tween equal-width and _ equal-fre- 
quency divisions of the stimulus sets. 
If Ss had divided the stimulus range 
(approximately 900) into five equal 
parts, the category-width curves would 
all have been horizontal at 180. If 
they had divided the 40-odd numerals 
up into five subgroups with the same 
number of numerals in each, the re- 
spective category-width curves would 
have been those shown by the broken 
lines. For Group FR, the mean 
category widths are in each case 
intermediate between these two pos- 
sible values. This can also be seen 
(though somewhat less clearly) in the 
D graph where the “very large” 
category is much wider than in the 
G graph but yet not: wide enough to 
include one-fifth of the numerals. 


EXPERIMENT I]: THE MIDPOINT OF 
THE STIMULUS EXTREMES 


While the correlation between AL 
and stimulus mean was almost per- 
fect in Exp. I, the end values were the 
same for all stimulus sets (108 and 
992). There was thus no opportunity 
to determine whether the stimulus 
extremes, or their own mean, here- 
after called the midpoint, have any 
special effect upon AL, apart from 
their contribution to the mean. Adap- 
tation level theory has placed on 
special weighting upon the end values, 
but they have been stressed in some 
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other approaches to judgment 
Volkmann, 1951). 


(cf., 


Method 


To assess the effects of these end values, 
five new groups of college students were 
exposed to the distributions of stimuli shown 
in Table 1. A sixth group, GC, judged the 
rectangular distribution, G, already judged 
by junior high and college groups in Exp. I. 
The NA and PA distributions were con- 
structed so that they had the same arithmetic 
means as distribution G, but their end values 
were varied to make 749 the largest numeral 
in the NA set and 351 the smallest in the PA 
set. The NG and PG distributions had the 
same end values as NA and PA, respectively, 
but their geometric means were made equal 
to the geometric mean of the rectangular 
distribution, 476. These two groups were 
run to determine whether the difference 
between the NA and PA geometric means, 
516 and 530 respectively, was responsible for 
any observed difierences in AL. The PGE 
distribution was the result of an error in 
selecting the numerals for a PG distribution. 
It is thus slightly different from the PG both 
in respect to its geometric and arithmetic 
means. It should also be noted that the 
medians varied systematically for these six 
groups, the N distributions having higher 
medians than the P distributions. The 
medians and also the midpoints (i.e., the 
arithmetic means of the two end values) are 
presented in Table 3. 


Results 
The ALs 


presented in 


for these 


six groups, 
Table 3, differ signifi- 
cantly (F=8.66, df =5/180, P <.001). 


It should be noted that the three 
groups with the highest midpoint 
all have higher ALs than the two 
with the lowest midpoint, while the 
AL of the rectangular group is of 
intermediate value. These data thus 
indicate that the mean of the stimuli 
(arithmetic or geometric) is not the 
sole determiner of AL; and they are 
consistent with the hypothesis that 
the extreme values of the stimulus 
distribution have a special effect upon 
AL, pulling it toward their own mean, 
the midpoint. 
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EXPERIMENT II]: THE MEDIAN 


The analysis of the category-width 
data from Exp. I suggested that Ss’ 
judgments might reflect a compromise 
between a tendency to divide the 
range into equal or symmetrical 
segments and a second tendency to 
use the categories with equal fre- 
quencies. The latter tendency should 
be demonstrable through systematic 
manipulation of the median of the 
stimulus sets presented for judgment 
since the higher the median the 
greater the range of the numerals 
which would be included in the cate- 
gories below AL. The median was 
positively correlated with the mean 
in Exp. I and negatively correlated 
with the midpoint in Exp. Il. The 
distributions studied in Exp. III were 
designed so that the median varied 
independently of the mean and mid- 
point. If there is the hypothesized 
tendency to use the categories above 
and below AL with equal frequency, 
then AL will vary directly with the 
median even though the mean and 
midpoint are constant. 


Method 


For the purpose of simplifying the exposi- 
tion, the description of the new conditions 
will be subdivided into three subexperiments : 
A, B, and C. 

Experiment A.—Six groups of college Ss, 
M; through Mg, were exposed to the distribu- 
tions characterized in Tables 1 and 3. The 
midpoint is 550 for all six groups, and the 
mean is approximately 450 (for M,, Moe, and 
M;) or 650 (My, Ms, and M,). In order to 
obtain such large variations in median without 
introducing large gaps between successive 
numerals, each of the six M distributions con- 
tained 100 instead of the usual 44 numerals. 
A further variation was the use of four rather 
than five categories of judgment, the ‘‘me- 
dium” category being eliminated. 

Experiment B.—Four conditions (LL, 
LH, HL, and HH) were used in a 2 X 2 
factorial design in which mean and median 
were each varied, with the midpoint constant 
at 550 under all four conditions. The magni- 
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tude of variation in median was smaller here 
than in Exp. A, and the conditions cor- 
responded more closely to those of the previ- 
ous experiments (44 numerals under each 
condition with five judgment categories). 
Experiment C.—Three conditions, PM, 
QM, and RM, had different means but iden- 
tical medians and end values. These served 
to supplement that portion of the analysis 
of the Exp. B results which was concerned 
with the effects of variation in the mean 


Results 


The ALs, shown in Table 3, were 
calculated as before except that the 
mean of the smallest numeral judged 
“large’’ and the largest numeral 
judged “‘small’’ was taken as the AL 
for the six groups of Exp. A. The 
variation in median significantly af- 
fected the ALs of the three high-mean 
groups in Exp. A (F=8.01, df =2/121, 
P < .00O1) and the ALs for 
the corresponding low-mean groups 
(F=3.69, df=2/91, P<.05). How- 
ever, inspection of these ALs (in 


also 


Table 3) suggests that a point of 


returns for this effect 
appears to have been reached by the 
two extreme groups, M; and Meg. 
The difference between the ALs for 
M. and Ms, which is in the direction 
opposite to that of the predicted 
difference, does not approach sta- 
tistical significance. 

The results of Exp. B also indicate 
that the median determines AL. 
While neither the variation in stimu- 
lus mean nor the interaction between 
mean and median approached sig- 
nificance (F < 1.0 in both cases), 
the median again has marked effects 
with mean held constant (/ = 23.2, 
df = 1/76). 

The results of Exp. C, in which the 


diminishing 


mean varied but the median and mid- 
point did not, are consistent with 
Exp. B in showing relatively small 
variation in AL associated with the 


rather large variation in mean. How- 
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ever, here the ALs are positively cor- 
related with the means, and the 
differences in AL are statistically 
significant at the .05 level (F = 3.43, 
df = 2/96). 


EXPERIMENT IV: THE MIDPOINT 
AND THE MEDIAN 


Method 


The four additional conditions in Tables 
2 and 3 are treated together here because they 
provide an additional basis for describing AL 
function of the alternative central 
tendency values of the stimulus distribution. 
rhe J and S distributions were drawn up to 
provide a greater variation in midpoint than 
had been investigated in Exp. Il. The N and 
P distributions are rectangular with midpoints 
corresponding to the two extremes of Exp. II. 
Since the medians and means vary along with 
the midpoints of these four new conditions, 
the ALs are of theoretical interest only when 
considered along with the ALs for the various 
other combinations of these measures de- 
scribed in the preceding experiments. 


as a 


Results 


The four new ALs, together with 
the 25 other college ALs included 
in Table 3, constitute the data treated 
in this section. These 29 mean ALs 
were used in a multiple regression 
analysis with various combinations 
of the midpoint, median, range, and 
mean as predictor’ variables. The 
results of the analysis are presented 
in Table 4. This multiple regression 
technique permits the separate assess- 
ment of the criterion variation (i.e., 
of AL) accounted for by any subset 
of predictors, and of the additional 
criterion variation accounted for when 
the remaining predictors are also 
used (Quenouille, 1952). Thus the 
second line of the table indicates that 
addition of the mean to the other 
three predictors does not significantly 
increase the proportion of the varia- 
tion in_AL predicted by the multiple 
regression based on the three predic- 
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TABLE 4 


ANALYSIS OF VARIANCE FOR ADAPTATION LEVELS: BASED UPON MULTIPLE REGRESSIONS 


Source 


Due to midpoint, median, & range 
Extra due to mean 

Due to midpoint, range, & mean 
Extra due to median 

Due to median, range, & mean 
Extra due to midpoint 

Due to midpoint & median 
Extra due to range & mean 

Unaccountable (Error) 
Total 


tors in the first line of the table. 
The general conclusion of the analysis 
is that the mean and range make 
no significant contribution to the 
predictive power of the median and 
midpoint combined. However, failure 
to include either the midpoint or the 
median would result in a significant 
loss of predictive power. 

The predicted values of AL, AL, 
in Table 3, were based upon the 
following regression equation: 


AL, = .547(Xi + Xa)/2 
+ .450(Xterv/s) — .027(Xa — X:) 


where X, and X, are the smallest and 
largest numerals in the distribution 
of stimuli presented for judgment. 
The first term on the right is the mid- 
point, the second the median, and the 
third the range. Although the con- 
tribution of the range was not sta- 
tistically significant, it has been 
included for theoretical reasons which 
are presented below in the discussion 
of ordinal effects. 


DISCUSSION 
The Mean 


Experiment I was designed to in- 
vestigate implications of adaptation level 
theory in a simple experimental situation. 
For nine different sets of stimulus values, 
the ALs clearly appeared to be a linear 
function of the stimulus means. This 


r 
1575.704 
3.786 
2098.660 
6.835 
2090.943 
29.987 
3149.376 
1.994 

(1.309.684) 


UN NW We Ww 


tN rN 
= 
~~ 


constitutes perhaps the most extensive 
support adaptation level theory has had 
concerning the specific effects of un- 
weighted context stimuli. However, it 
was also found that multiplying each 
stimulus in the distribution by a constant 
factor had the effect of multiplying AL 
by the same factor. This did not appear 
to follow from adaptation level theory. 
Furthermore, manipulation of the mean, 
with midpoint and median held constant, 
did not have a significant effect on AL 
in Exp. III-B (AL actually varying 
inversely with the mean), and only a 
slight effect in Exp. III-C. Finally, 
the multiple regression analysis, using 
all 29 college ALs, indicated that the 
mean did not add significantly to the 
accuracy of the prediction based upon 
the other stimulus parameters. Thus 
the mean does not appear to provide an 
adequate basis for description of the 
results of these experiments. 

Ordinal effects —The differences in AL 
(and category limens) associated with 
the order of the numerals on the page 
in Exp. I appear analogous to the 
ordinal effects previously reported for 
judgments of visual length. The experi- 
mental analysis of the ordinal effects 
for length indicated that adaptation 
level theory would need further elabora- 
tion before it could handle the special 
tendency to switch categories 
discriminable changes in the stimulus 
values (Parducci, 1959b). Since the 
magnitude of the successive changes in 
stimulus values would on the average 
be proportional to the range, the range 


with 
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Fic. 3. Relationship between obtained 
and predicted ALs, with prediction based on 
regression coefficients of .547, .450, and —.027 
for midpoint, median, and range, respectively. 


was included as a third variable in the 
multiple regression the 
predictions graphed in Fig. 3. However, 
the effects of order were relatively small 
for the college Ss and could actually have 
been neglected in the analysis. 


equation for 


The Midpoint and Median 


The location of the respective category 
limens in Exp. I suggested that Ss’ 
judgments may be represented as a 
compromise between sometimes 
contradictory, tendencies. One of these 
tendencies or habits fixes the propor- 
tionate widths of the respective cate- 
gories of judgment. Thus if S were 
permitted only two categories, he would 
tend to divide them at the midpoint of 
the stimulus distribution. His second 
tendency, which fixes the proportionate 
frequencies with the respective 
categories are used, would be to make 
the division at the median of the stimu- 
lus distribution. However, the Ss in the 
experiments (except those in 
Exp. III-A) used five categories so that 
the midpoint of the judgment scale was 
always some hypothetical division of the 
‘‘medium” stimuli. In conformance 
with adaptation level theory, this divi- 
sion was assumed to be at the mean of 
the stimuli judged “medium.” The 


two, 


which 


present 


assumption suggested by the present 
analysis is that the actual division would 
be determined by a compromise between 
their midpoint and median. Since the 
mean of the ‘‘medium” stimuli would be 
a close approximation to the midpoint- 
median compromise for these same 
stimuli, their mean was used as the 
measure of AL in all of the analyses. 

The results of Exp. II and III indi- 
cated that systematic variation of either 
the midpoint or the median produces a 
corresponding variation in AL, even 
though the mean was kept constant. 
Exclusion of either variable from the 
multiple regression analysis (for all 29 
ALs) resulted in a significant 
predictive power. The theory of adapta- 
tion level would have to be modified to 
handle these They appear 
instead to follow from the operation of 
the proportionate-width and -frequency 
tendencies. The fact that the regression 
coefficients for the midpoint and median 
total so closely to 1.0 (.997) is consistent 
with the assumption that the judgment 
process is basically a compromise be- 
tween these two tendencies. 

Multiplying each stimulus in the 
distribution by a constant factor (Exp. 
1) had the effect of multiplying AL by 
the same factor. This also is consistent 
with the midpoint-median hypothesis. 
Since both the midpoint and median 
would be multiplied by this factor, the 
same would be true for the AL predicted 
from a linear combination of the mid- 
point and median. 

Negative instances.—Inspection of Table 
3 reveals that the predicted ALs are 
most in error for the A and M; distribu- 
tions. The error of the midpoint-median 
prediction for A seems related to the 
fact that this was the only stimulus 
series containing a gap greater than 100 
between successive numerals (the gap 
was from 592 to 992). A number of 
experiments have indicated that beyond 
a certain critical value, further increases 
in the difference in magnitude between 
an extreme or anchoring stimulus and 
the other stimuli being judged have 
diminishing effects upon the judgment 
scale (e.g., Postman & Miller, 1945; 


loss of 


results. 
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Rogers, 1941; Sherif, Taub, & Hovland, 
1958). 

The relatively large error of the pre- 
diction for Ms; points up a limitation in 
the use of the median as a predictor of 
AL. In both this distribution, and also 
M,,- there were only two numerals (out 
of a total of 100) separating the obtained 
from the predicted ALs. Since the errors 
in prediction, 73 and 40 respectively, 
were both in the direction of reduced 
difference between AL and the midpoint, 
an extremely small, but systematic, 
shift in the relative frequency with which 
respective categories were used permitted 
sizable reductions in the differences 
between the widths of the categories 
above and below AL. This suggests 
that the compromise might involve 
heavier weighting of the midpoint when- 
ever the median and midpoint are very 
different in value but are separated by 
only a very few stimuli. It should be 
noted, that M; and Mg are 
extremely irregular distributions, their 
medians being separated from the nearest 
end value by only one-sixth of the range. 

Implications of the midpoint-median 


however, 


modification of AL theory.—Perhaps the 


most critical concern with the results 
of this research should be with the 
nature of the stimulus materials and the 
method by which they were presented 
for judgment. Numerical magnitude, 
as represented by numerals arranged on 
a page, is an unconventional stimulus 
dimension, considerably different in char- 
acter from the lifted weights and pure 
tones of classical psychophysics. Should 
adaptation level theory be expected to 
apply to the present situation? Neither 
Helson nor Johnson have restricted the 
realm of applicability of their approach 
to judgment, and the experimental 
assumption here has been that principles 
of judgment would manifest themselves 
more readily with such an abstract 
dimension, unclouded by complex ‘‘re- 
ceptor functions,’’ and presented so as to 
permit Ss to grasp as easily as possible 
the relationships among the different 
stimuli forming the context for judgment. 

The dangers of this procedure would 
appear to be: (a) that features peculiar 
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to the method and the stimulus dimen- 
sion might operate to obscure the major 
determinants of judgment, and (b) that 
any principles discovered in these experi- 
ments would not have general applica- 
tion. There are special features of the 
present situation, such the values 
where shifts occur in the first digit of the 
three-digit numerals and also the values 
at the break from one column to the 
next, which could be affecting Ss’ judg- 
ments. Although post hoc analyses re- 
vealed no systematic effects associated 
with these features, other features which 
were not analyzed may have had more 
important effects. It is clearly necessary 
to conduct similar research using dif- 
ferent kinds of stimuli and different 
methods of judgment. Results similar 
to those found here have recently been 
reported for perceptual judgments of 
the numerousness of different collections 
of dots presented by the method of 
single stimuli, AL being found to vary 
with the midpoint and median even 
though mean was held constant (Par- 
ducci, 1959a). Research is in progress 
studying these context effects upon 
judgments of visual size and length and 
also of lifted weights. 

The advantages of using a combina- 
tion of the midpoint and median, in- 
stead of the mean, would be greatly 
enhanced if the conditions affecting their 
relative weighting could be determined. 
Presumably, the weighting of the median 
would be reduced if S did not have a 
continuous record of his own response 
frequencies before him. Thus for any 
stimulus dimension, the weighting should 
shift depending upon whether S keeps 
the record of his judgments or E records 
them privately. The weighting might 
also be expected to shift depending upon 
the difficulty of remembering the end 
values of the stimulus context. With 
stimulus dimensions for which these 
values would be particularly difficult to 
discriminate (e.g., lifted weights), the 
median should have relatively greater 
influence. 


as 


Insofar as comparative judgments are 
also affected by the stimulus context, 
the midpoint-median compromise should 
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sometimes to 
constant errors of judgment. 
there has been a surplus of 
judgments, S should 
“larger.” 


be operating produce 

Thus if 
“smaller” 
tendency 
This might be the 
case even though the mean (or geometric 


have a 
to report 


mean) of the comparison stimuli has been 
And similarly, the 
particular values of the extreme com 
parison stimuli, the smallest and largest 
variables, may have greater effects upon 
the point of subjective equality than has 
commonly 


equal to the standard. 


been assumed. These hy- 
potheses, of course, are predicated on the 
adaptation level explanation of constant 
errors in terms of the stimulus context. 
The modification suggested here is con- 
cerned solely with those features of the 
stimulus context most 
for the prediction of judgment. 
While the major results of the present 
experiments suggest that the predictive 
value of the mean depends on its rela- 
tionship to the midpoint and median, 
it should not be inferred that the mean 
is always a poor first-approximation to 
AL. In fact, if the proportionate-width 
and -frequency interpretation is correct, 
the mean will be a good predictor when 


which are useful 


ever it falls between the midpoint and 


median. Since this is the case for most 
distributions of stimuli (e.g., all those 
chosen for Exp. 1), it is possible that the 
success of the mean has obscured the 
role of these other two variables. 


SUMMARY 


The effects of different stimulus contexts 
were studied by presenting different sets of 
numerals for judgment in terms of an absolute 
scale of numerical magnitude The major 
independent variables were the mean, the 
midpoint (mean of the two end values), and 
the median of the stimulus context. Con- 
trary to the theory of adaptation level, it 
was found that shifts in judgment were 
associated with shifts in either the midpoint 
or the median—even though the mean was 
held constant. The mean itself appeared to 
have little effect upon judgment. The data 
were interpreted as consistent with the pro- 
posal that the judgment scale reflects a 
compromise between two different tendencies : 
(a) to divide the range into proportionate 
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subranges, and (b) to use the alternative 
categories of judgment with proportionate 
frequencies. The success of the mean as a 
rough predictor of adaptation level may thus 
follow from the fact that for most distribu- 
stimuli, the intermediate 
in value between the midpoint and median. 


tions of mean is 
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The following study was suggested 
by an experiment (Bitterman, 1952) 
in which rats were trained to jump 
to the left member of a pair of cards 
showing wide stripes (on the left) 
and narrow stripes (on the right) 
and to jump to the right member of a 
pair consisting of a light grey card 
(left) and a dark grey card (right). 
When this group was tested in the 
usual nonspatial discrimination learn- 
ing situation, including stimuli in 
the reversed spatial relations as well 
as the pairs described above, there 
was little or no positive transfer. 
This finding was interpreted by Bitter- 
man as contrary to an implication of 
the ‘‘approach”’ theory (Nissen, 1950; 
Spence, 1936). It was argued that if 


the learning in the first stage had 
consisted of approach to the positive 
stimuli (wide stripes and dark grey) 
then the reversal of spatial relations 
in the test situation should have had 
no effect; that is, Ss should have 


continued to approach the previ- 
ously correct stimuli (continuity of 
learning and positive transfer). On 
the other hand the “‘configurational”’ 
theory (Gulliksen & Wolfle, 1938) was 
said to be supported because Ss 
jumped left to narrow stripes and 
right to light grey when presented 
with the transposes in the second 
stage, implying that the perceived 
configurations had not changed with 
reversal. 

The specific purpose of the present 
experiment was to test the possibility 
that between-pair and _ within-pair 
differences play an important role 
in the type of situation described 


above. In Bitterman’s experiment 
the between-pair difference was de- 
liberately made greater than the 
within-pair differences to allow for 
the possibility of ‘configurational 
perception” (Bitterman, 1952, p. 173). 
This case has been dealt with in 
terms of the “‘approach’”’ theory as 
well as the “configurational” theory 
(Nissen, 1952) but the two types of 
explanation might also be contrasted 
in the case where the within-pair 
differences are greater than the be- 
tween-pair difference. 


METHOD 


Subjects—The Ss were 60 students from 
an introductory course in psychology at the 
University of Sydney, divided randomly into 
four groups of 15. Colorblind students were 
excluded from the outset. 

Apparatus.—A_ Pickford anomaloscope 
(Pickford, 1953) was used to present to S 
colored circles of light 1 in. in diameter and 
3 in. apart in the horizontal midline of a 
5 X 2-in. milk glass screen approximately 
18 in. in front of S. The duration of the 
stimuli on any trial was held constant at 100 
msec. by means of an electronic timer. The 
S was required to press one of two buttons 
on each trial as a response, the buttons being 
switches mounted in a box placed on the 
table below and to the right of the stimulus 
screen. The switches were placed 54 in. 
apart in the 7 X 7-in. horizontal top surface 
of the box on the left and right of center 
corresponding to left and right stimuli in the 
vertical plane of the glass screen. The 
stimulus screen was surrounded by an opaque 
screen and the arrangement of the apparatus 
was such that Z could observe S's responses 
without being seen by S. 

Stimuli.—The stimuli were chosen so as to 
allow two basic conditions: (a) between-pair 
difference greater than within-pair differences, 
and (6) within-pair differences greater than 
between-pair difference. There were four 
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TABLE 1 
StruuLus Patrrs UseED FoR THE Four 
Groups or Ss In THE Two STAGES 
OF THE EXPERIMENT* 


Experimental Groups | 


Stage Control Groups 


4 
w>b 


Git: Re—| Ri+:Re—|Git+:Re— 
Gi—: Ri +!) Ge —:Gi +) G2—: Rit 
R:—:Git| Re—: Rit! Re—:Git+ 
Ri +:Gs2—|Git+:Ga—| Ri+:Gi— 


* The spatial relations of the symbols in each pair 
correspond to the actual left-right arrangements of the 
stimuli. The designations 6 > w etc. refer to relative 
magnitudes of stimulus differences between and within 
pairs. 


stimuli with the following designations on 
the Munsell system according to visual 
matchings by E: 7.5 R 5/12 (R,:), 10 R 7/8 
(R:), 5G 8/8 (G,), and 5 Y 9/10 (Gz). Stim- 
ulus R, resembled Rz and G; resembled Gy, 
but R; and Rz differed considerably from G;, 
and G3. 

Instructions to S.—Each S was given the 
following instructions: 


In this experiment I want you to place the 
index finger of your right hand on the center 
mark between the two buttons. Every 30 sec. 
or so two lights will flash on the screen in 
front of you. When you see these two lights 
all you have to do is press one or other of the 
two buttons. As the lights will be visible 
only for one-tenth of a second, I will say 
‘ready’ just before the lights are flashed. If 
you have pressed the correct button I will say 
‘correct’; if the incorrect button is pressed I 
will say ‘wrong.’ Press the button firmly 
down and keep your finger on it until I tell 
you whether you are correct or not. At first 
it will be difficult to know which is the correct 
button to press and you will just be guessing. 
Later you will learn which is the correct one 
and should have no difficulty in your selec- 
tions. If you realize you have made an in- 
correct response or if I tell you that you are 
wrong, do not press the other button but re- 
turn your finger to the central position as you 
would for a correct response. Have you any 
questions? 


Procedure.—The procedure for each of the 
four groups of Ss was as follows. Group 1 
was an experimental group trained with 
between-pair differences dominant. These 
Ss were first trained in Stage 1 with R; 
(positive) and R; (negative) and with G, 


(negative) and G, (positive) as the two pairs 
to be discriminated with constant spatial 
arrangement. They were then presented in 
Stage 2 with the transposes as well as the 
original pairs, i.e., with R, (negative) and R; 
(positive), and with G, (positive) and Gs 
(negative) as well as the other two pairs. 
Group 2 served as a control for Group 1, 
learning only Stage 2, i.e., the usual nonspatial 
discrimination-learning situation. Group 3 
was a second experimental group, trained 
with within-pair differences dominant. These 
Ss were first trained in Stage 1 with Gy, 
(positive) and R: (negative) and with G, 
(negative) and R;, (positive), all in a constant 
spatial arrangement. They were then pre- 
sented in Stage 2 with the transposes in 
addition, namely Rz (negative) and Gy, 
(positive), and with R,; (positive) and G, 
(negative). Group 4 was a control for Group 
3, learning only the second of the arrange- 
ments presented to Group 3 (Stage 2). The 
order in which the stimulus symbols are 
listed above designates the left-right spatial 
positions of the lights in the apparatus from 
Ss viewpoint. The procedure and stimulus 
pairs are summarized in Table 1. 

The E said “ready” approximately 2 sec. 
before flashing each stimulus pair on the 
screen. The order of presentation of pairs 
was randomized for each of the four groups 
with the restriction that no eight successive 
trials allowed simple right-left alternation 
among the correct responses. The criterion 
of acquisition for each S was eight successive 
correct trials. 


RESULTS 


The obtained mean scores for Stage 
2 in terms of trials to criterion and 
errors are summarized in Table 2. 
Group 1 took longer to learn in Stage 
2 than Group 2, displaying more 
errors and negative transfer. Group 
3, however, learned more quickly in 


TABLE 2 


MEAN ScorES IN STAGE 2 


Bet ween-pair Differ 


Within-pair Differ- 
ences Dominant 


ences Dominant 


Measure | 


| Group 2 | Group 3 | Group 4 
(Control) (Exp.) | (Control) 


Group 1 
| (Exp.) 
Trials 
Errors 


39.1 | 246 | 19.0 28.0 


16.8 4.9 
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Stage 2 than did Group 4 and made 
fewer errors, showing positive trans- 
fer. These data were subjected to 
analyses of variance in the expecta- 
tion that the interaction between 
groups (experimental vs. control) and 
stimulus differences (between > with- 
in vs. within > between) would be 
significant (differential transfer). The 
results of the analysis of trials to 
criterion are presented in Table 3, 
in which it may be seen that the 
expectation is confirmed. The same 
result was obtained with an analysis 
of error scores. The expected form 
of interaction was confirmed in follow- 
up ¢ tests (df = 28). Control Groups 
2 and 4 did not differ significantly 
in their performance in Stage 2 
(Table 2) either in terms of trials to 
criterion (t = 0.46, P > .05) or errors 
(t = 0.10, P > .05). A comparison 
of the experimental groups, however, 
showed that the prior learning in 
Stage 1 had a significant effect on 
performance in Stage 2 both in terms 
of trials to criterion (t = 3.46, P < .01) 
and errors (t = 3.86, P < .01). 

A comparison of the performance of 
the two experimental groups (Groups 
1 and 3) in Stage 1 is presented in 
Table 4, which shows differences 
favoring Group 1 but significant only 
with trials to criterion as a measure. 
The experimental groups learned both 
stages in succession and if the two 


TABLE 3 


ANALYSIS OF VARIANCE IN TRIALS TO 
CRITERION IN STAGE 2 


Source 


Exp. vs. Control 

Groups (A) 1 
Type of stimulus 

difference (B) 
AXB 


7 

i 

1 

Ss 56 


$1.67) 1.39 
516.27 
552.06 

30.07 


17.17* 
18.36* 


*P<. 


STANDISH 


TABLE 4 


MEAN SCORES FOR THE TWO EXPERIMENTAL 
GROUPS IN STAGE 1 


Measure Group 1 Group 3 


rials 10.5 
Errors 1.5 


14.5 
3.1 


*P = .05 when t = 2.05 for 28 df. 


tasks are treated as one by adding 
the trials to criterion then Group 3 
(within-pair differences dominant) is 
superior to Group 1 (between-pair 
differences dominant), the means being 
33.7 and 49.5 respectively (¢ = 2.9, 
P < .01 for 28 df). 


DISCUSSION 


Despite the use of human Ss in a 
somewhat different type of situation, the 
results with the stimuli in which between- 
pair differences dominated (Groups 1 
and 2) are similar to those obtained by 
Bitterman (1952). Under these condi- 
the “configurational” theory im- 
plies that the response would be pri- 
marily to “redness” with the paired 
Stimuli R,: Rez and to ‘‘greenness’’ with 
Stimuli that the inclusion 
of the transposes requiring opposite 
responses in Stage 2 should conflict 
with the preliminary training in Stage 1 
and produce negative transfer. With 
a strict interpretation of this theory 
the same reasoning should apply when 
within-pair differences dominate (Groups 
3 and 4); once the discrimination be- 
tween configurations G;:Re and G2:R, 
is made then the presentation of R.:G, 
and R,:Gez requiring opposite responses 
should be equally disturbing. That this 
latter was not the case is clearly shown 
in the data. It might be suggested, 
however, that the latter configurations 
Re:G; and ones and 
therefore do not lead to negative trans- 
fer. If this were the case then the per- 
formance of the control groups (Groups 
2 and 4) in Stage 2 might be expected 
to show a significant difference favoring 
Group 4, This is because Group 2 is 


tions 


G2:G), so 


R,:Ge) are new 
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confronted with highly similar con- 
figurations demanding opposite responses 
whereas the members of Group 4, 
according to this version of the theory, 
simply respond to four different con- 
figurations from the outset. The dif- 
ference obtained in this experiment 
favors Group 2, but it is not statistically 
significant. In general terms, if the 
“configurational” theory is to be inter- 
preted in this way then a serious defect 
lies in its failure to specify before the 
event the conditions under which per- 
ceived configurations are identical and 
different. 

Somewhat allied to the 
tional” formulation in 
theories of 


“configura- 
the history of 
discrimination learning is 
the “relational’’ theory (Lashley, 1942). 
Whereas the former theory would place 
emphasis upon differences between pairs 
of stimuli the latter theory refers rather 
to relations stimuli within 
(Birch & Vandenberg, 1955). 
This theory appears to break down when 
applied to the performance of Group 1 
(between-pair difference dominant) where 
it would seem to lead to the expectation 
of positive transfer if S learns to respond 
to the redder or greener stimulus, the 
darker stimulus, or the more saturated 
stimulus, given in all cases by R, and 
Gi. 

The theory apparently 
applies equally well to the performance 
of Groups 1 and 3 and its application 
is summarized symbolically in Table 5. 


between 
pairs 


“approach” 


PABLE 5 


StimuLus Compounps ExicirinG A Correct 
RESPONSE ACCORDING TO THI 
“ApprRoOACH” THEORY* 


Experimental Group 


Group 3 


Group |! 
. Within > Between 


(Between Within) 


Sat Sri 

S1 Sr 
Sai) Sri) Soi) Sr 
S1 Sr | Sra j St 


* The subscripts R and L stand for cues on the right 
and left, respectively. 


With the between-pair differences domi- 
nant (Group 1) Ss in Stage 1 would 
presumably respond positively to the 
stimulus compounds red-left and green- 
right. Negative transfer occurs with 
the shift to Stage 2 because of a tendency 
also to respond to the compounds red 

(R:)-left and green (G,)-right, deriving 
in turn from stimulus generalization 
between R,; and R» and between G;, 
and Ge. When within-pair differences 
dominate (Group 3), however, Ss in 
Stage 1 must presumably learn responses 
to the compounds G,-left and R,-right 
and must reduce generalization from 
these two compounds to Gy,-left and 
R--right, respectively. In other words, 
Ss must now respond differentially to R, 
and R, and to G; and Gz as well as 
merely to red and green. If it now be 
granted that, as the “approach” theory 
implies, the two tasks presented to 
Groups 1 and 3 in Stage 2 are identical 
in requiring responses to Gy,-left, R:- 
right, Gy-right, and R,-left (Table 5 
then it follows that there should be 
positive transfer in Group 3, half these 
responses having already been learned 
in Stage 1. In keeping with these latter 
interpretations on the basis of the 
“approach” theory are the facts that 
Stage 1 was more difficult to learn with 
within-pair differences dominant (Group 
3, Table 4) and that the two control 
groups did not differ significantly in 
performance in Stage 2 (Groups 2 and 4, 
Table 2). 

Constant reference has been made to 
‘stimulus compounds” in the applica- 
tion of the “approach” theory given 
above. No mention was made of these 
compounds or patterns in the first 
formulation of the theory (Spence, 1936) 
which was limited to ‘ 
discrimination learning. 
was applied later 
account for the 


‘simultaneous”’ 
The 

(Spence, 

case of 


concept 
1952) to 
‘successive”’ 
discrimination learning in which no one 
stimulus is consistently reinforced more 
than any other member of the stimulus 
pairs. This restriction does not strictly 
apply in the present experiment but the 
process of patterning or compounding 
has nevertheless been assumed to occur 
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for two reasons. First, the similarity 
between stimuli in the pairs used pro- 
duces a state of affairs similar to the 
restriction specified by Spence, if not 
identical with it. Secondly, Birch and 
Vandenberg (1955) have produced evi- 
dence that patterning may occur even 
under conditions of “‘simultaneous”’ dis- 
crimination learning when the restriction 
does not apply. It must be emphasized, 
however, that the stimulus patterns or 
compounds of S-R theory are to be 
clearly distinguished from perceived 
stimulus configurations or perceived 
relations between stimuli (Spence, 1952). 

There has recently been proposed a 
“‘dual-process”’ theory of discrimination 
learning (Bitterman, Tyler, & Elam, 
1955) which incorporates features for- 
merly taken to characterize opposing the- 
ories, namely, learning to approach 
specific stimuli vs. learning to respond 
to total configurations. The proponents 
of the theory suggest that the former 
process accounts for “‘simultaneous”’ dis- 
crimination learning whereas the latter 
activity allows discriminations to be made 
in ‘“‘successive” learning. The dual-pro- 
cess theory clearly applies to the data of 
the present experiment with the assump- 
tion that “configurational’”’ learning oc- 
curs in Group 1 and “approach” learning 
in Group 3. For reasons of parsimony, 
however, it is suggested that the “ap- 
proach” theory provides a better explana- 
tion of the present data. 


SUMMARY 


An experiment was conducted to test the 
possibility that between- and within-pair 
differences play a significant part in the type 
of discrimination learning situation in which 
preliminary training is given with two pairs 
of stimuli in fixed spatial relations followed 
by test learning involving the two pairs and 
their transposes. In an earlier experiment 


with rats (Bitterman, 1952), in which between- 
pair differences in the stimuli were dominant, 
no positive transfer was apparent from pre- 
liminary to test learning. This finding was 
duplicated in the present study, with human 
Ss, but positive transfer was obtained under 
conditions in which within-pair differences 
dominated. These results were taken to be 
more in keeping with the “approach” theory 
of discrimination learning than with the 
“configurational” theory. Although a ‘“‘dual- 
process” formulation applies to the findings 
of the present experiment, the “approach” 
theory is preferred as the more parsimonious. 
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ADDITIVITY OF CUES IN DISCRIMINATION 
LEARNING OF LETTER PATTERNS! 


THOMAS R. TRABASSO 


Michigan State University 


In general, one says that cues are 
additive when it is found that Ss can 
master a problem with two relevant 
cues (either of which can be used to 
solve the problem) more rapidly than 
a problem with only one relevant cue. 
The implication is that the two cues 
“add” in some manner. The theory 
under consideration here (Restle, 
1955) makes explicit the underlying 
assumption that the rate of learning 
depends upon the number or strength 
of relevant cues, and, when formu- 
lated in set-theoretic mathematics 
(see below), states that it is the meas- 
ures of sets of cues which may add. 
In finite set theory, the measure of 
the union of two sets is the sum of 


their measures, if and only if the sets 
are disjoint. 


In the present experiment an attempt 
was made to produce two disjoint sets 
of cues, so that additivity of their 
measures would result. The theory used 
asserts that the rate of learning (@) 
depends directly on the proportion of 
relevant cues, so that from additivity 
of cues one can predict additivity of 
learning rates. Furthermore, the theory 
can be used to estimate the learning 
rates, so that numerical predictions can 
be made. Provided that the sets of cues 
are in fact disjoint, these predictions 
constitute a test of the correctness of 
the theory. 

The cues in the present problem arise 
from a pattern of letters (ABDEF). 


1 This study is based on a thesis submitted 
to the College of Science and Arts of Michigan 
State University in partial fulfillment of the 
requirements for the MA degree. The writer 
is indebted to Frank Restle for advice and 
assistance throughout the course of the 
investigation. 


One problem is constructed where the 
letter A is relevant, a second problem 
where the letter E is relevant, and a 
third problem where both A and E are 
relevant and redundant. To make a 
given letter relevant, the correct re- 
sponse is made contingent on whether 
the letter appears capital or small. For 
example, if A is the relevant letter, S 
learns that when A appears capital (A), 
X is the correct response and when A 
appears small (a), O is the correct re- 
sponse. When a letter is irrelevant, the 
correct response is independent of whether 
that letter appears capital or small. 

The model used to analyze the prob- 
lems may be defined employing some of 
the elementary notions of mathematical 
set theory. When the letter A appears, 
on successive trials, in both capital and 
lower case, a variety of cues result. 
Some of these cues depend upon the 
contrast between the capital and lower- 
case form of the letter. These “‘con- 
trast’’ cues are relevant when that letter 
is made relevant, as when A in the 
stimulus is followed by X and a by O. 
Such cues from the letter A are called A, 
and contrast cues from the letter E are 
called E. The letter in the stimulus may 
give rise to other cues which are, in the 
problems given in this experiment, 
always irrelevant. All irrelevant cues 
in the problem, from all sources, are 
assembled into one set, called J. If the 
letter A appears as a capital letter in all 
stimuli, then cues depending on the 
contrast of capital and lower-case form 
do not exist in the problem, though other 
cues arising from the letter A are pre- 
sumably present. Thus, fixing a letter 
as always capital (or always lower-case) 
removes just the contrast set A, but does 
not affect the irrelevant elements from 
the letter which are in set J. 

The set of cues is assumed to consist 
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of a finite number of elements, each 
element associated with a positive num- 
ber to denote its ‘‘weight"’; the measure 
of such a set is the sum of all these num- 
bers (Bush & Mosteller, 1951). The 
measure of A written m(A), and 
corresponds to the importance of this 
set of cues in controlling behavior. 
Similarly, the measures of E and J are 
written m(£) and m(J) respectively. 
The union of two sets, writtén AU £, 
is the set containing everything in either 
A or E or both. The assumption made 
is that A and E are disjoint, having no 
common elements. In this case, 


m(A U £) = m(A) + m(£) 


In Problem 1, A relevant, E 
irrelevant, and all other cues in the situa- 
tion are irrelevant. 
proportion of 
1955) 


1S 


is is 
Then since @ is the 
(Restle, 


relevant cues 


m(A) 


~ m(A) + m(£) + m(J/) 


In Problem 2, E is relevant and A is 


irrelevant, 
m(£) 
m(A) + m(£) + m(J) 


In Problem 3, both A and 
relevant and redundant, so that 


[2] 


E 


(4 m(A) + m(£) 


= - 3 
m(A) + m(£) + m(J) [3] 


Combining Equations 1 and 2 one sees 
that 6; + 6. = 63. This is Hypothesis 1. 

The set of E cues (relevant in Problem 
2) depends on the fact that the letter E 
varies from capital to lower case. If 
we fix the letter by making it capital E 
on every trial, the E 
removed. 

In Problem 
fixed, then 


set has been 


4, A is relevant, E is 


m(A) , 
= 4 
m(A) + m(J) [4] 
Similarly, in Problem 5, E is relevant, 
A is fixed, then 
m(£) 
m(#£) + m(J) 


[5] 


. TRABASSO 


Solving Equations 4 and 5 for m(A) 
and m(£) and substituting these values 
into Equation 3, we find 


604(1 — 65) + @5(1 — 44) 
(1 — 6,6;) 


I, = [6] 


? 


This is Hy pothesis 


Both hypotheses have been used in 
the analysis of additivity of cues 
problems in several papers (Restle, 
1955, 1957, 1958) but none of these 
applications was to problems specifi- 
cally formulated to test the additivity 
hypothesis. Recently, Restle (1959) 
has tested direct additivity of learn- 
ing 1) 
pattern of letters. 


rates (Hypothesis using a 
consonant This 
the hypotheses 


using set theory and tests them on 


paper formulates 


data well fitted for the purpose. 


METHOD 


Subjects—The Ss were 80 students in 
elementary psychology courses at Michigan 
State University who received credit for 
taking part in experiments. There were five 
experimental groups of 10 men and 6 women 
each. 

A pparatus.—From the point of view of 5S, 
the apparatus consisted of a shield (9 in. 
X 18 in.) with two apertures (4 in. X 3 in.), 
one on the left and one on the right, and 
with a lever on the left. Stimulus patterns 
appeared in the left aperture, and responses 
(an X or an O) were recorded by S, in pencil, 
through the right aperture. The lever per- 
mitted S, after responding, to view the 
reinforcement (an X or an Q) in the left 
window and then to obtain the next stimulus, 
the pace being controlled entirely by S. 

Procedure and stimuli.—\|f more than one 
S was present, cardboard dividers were used 
to shield each S from view of the others’ 
apparatus. 

The same instructions were given to all 
groups. The Ss were told that when they 
pushed the lever a group of letters (ABDEF) 
would appear in the window on the left. The 
same letters would appear every trial, but 
they would vary between upper and lower 
case. The correct answer, an O or an X, 
depended upon which letters were capital and 
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which were small. Responses were written 
only when the stimulus letters appeared. 

All groups were given 128 training trials. 
rhe first trial was given as a practice trial 
to all Ss during the instruction session. This 
trial was not included in the recording of 
errors. Omitted responses on other trials 
were considered. as one-half error. 

Five problems were prepared, all involving 
the same letters, ABDEF, the letters varying 
between upper and lower case over trials, 
but retaining the same alphabetical order. 
For all problems, the letters B, D, and F 
were varied independently of one another 
and were uncorrelated with the correct 
response. Patterns of all capital or all small 
letters were omitted. Problems 1 and 2 
involved all of the remaining 30 letter pat- 
terns. Problems 4 and 5 included 15 different 
letter patterns, one letter always appearing 
capitalized. Problem 3 involved 15 
patterns, two of the letters being relevant so 
that half their combinations had to be 
eliminated. 

Care was taken that the stimulus patterns 
appeared about equally often and in an 
irregular order. Consecutive runs of Xs and 
Os were distributed as the expectation of a 
random 50:50 sequence. 

Experimental groups.—Group A had Prob- 
lem 1, in which capital A was always followed 
by an O and small a by an X. The letter E 
was irrelevant. 

Group E had Proble:.. 2, in which capital 
E was always followed by an O and small e by 
an X. The letter A was irrelevant. 

Group A +E had Problem 3, in which 
both A and E were relevant and redundant. 
Small a and capital E (aE) were always 
followed by an O and capital A and small e 
(Ae) were always followed by an X; AE and 
ae did not occur. 

Group A’ had Problem 4, which was the 
same as that of Group A except that the 
letter E always appeared capitalized. 

Group E’ had Problem 5, which was the 
same as that of Group E except that the 
letter A always appeared capitalized. 


also 


RESULTS AND DISCUSSION 


Figure 1 gives the group perform- 
ance curves in terms of mean propor- 
tion of correct responses per 16-trial 


? These extreme patterns were quite easily 
recognized and rapidly learned in previous 
studies using similar procedures. (Restle, 
Personal communication. 1959.) 





PROPORTION CORRECT 
RESPONSES 





i 2 @ * &.8 7's 
16 TRIAL BLOCKS 


FiG. 1. Mean proportion of correct re- 
sponses as a function of training trials for 
Groups A, E, A’, E’ and A + E. 


block.? Group A + E learned fastest, 
suggesting the advantage of combined 
cues. Group A’ learned slightly 
faster than Group A and Group E’ 
learned slightly faster than Group E, 
suggesting that fixing an irrelevant 
dimension speeded learning of the 
other dimension. Groups A and A’ 
learned faster than Groups E and E’, 
indicating that the letter A at the left 
of the stimulus pattern was more 
salient than the letter E in fourth 
position. A simple analysis of vari- 
ance was performed on the total 
error scores of the experimental groups 
and differences were found to be 
statistically significant (F = 6.23, 4/ 
75 df, P < 01). 

* The initial running of Groups A and A’ 
gave an anomalous result in that Group A 
learned faster than Group A’. This difference 
was not significant at the .05 level, but the 
direction of the difference was unexpected. 
Both groups had the same relevant cue A, 
the only difference being that in Group A’ 
the irrelevant letter E was fixed. Group E’ 
learned faster than E, so the unexpected 
result was not repeated within the experi- 
ment. A recheck of experimental conditions 
failed to explain the difference. Groups A 
and A’ were rerun under the same experi- 
mental conditions in order to see whether 
or not this result would repeat itself. The 
second running of the groups did not show 
the same results and the data from the 
second two groups are used in the analysis. 
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All groups except Group A+ E 
showed some ‘‘nonlearners”’ with error 
scores near chance over 128 trials. 
This tended to produce bimodal dis- 
tributions of error scores, skewed 
negatively in Groups A + E, A, and 
A’ which had mostly learners, and 
positively in Groups E and E’ which 
had more nonlearners. 


Estimation of learning rates.—Accord- 
ing to the theory, the probability of an 
error on Trial m is (Restle, 1955, p. 13, 
Eq. 7) 


p 5(10— )*" 
=i 
6+ (1 — 6)" 

Let X, be a variable which has value 1 
if S makes an error on Trial m, and 0 
if S makes a correct response on Trial n. 
Then one estimate of @ is from total 
errors; the value of @ is chosen which 
satisfies the equation‘ 


128 


> (1— pa) 


n=2 


128 
> Xx. = 
_ Slog 6 + (1 — 6)" 
(1 — 8) log (1 — 4) 


Another estimate is from 
errors, being that 


satisfies 


weighted 
value of § which 


128 


> (n— 1)X, 


128 
=> (n— 1)(1— pp) 


= o(8 = 1)(1 — 6)" 
n=? (1 — 6) 
The term on the right of the equation 
has no closed solution and has been 
tabulated for these purposes. Both 
estimates were computed from the 
average values of }-X, and >> (m — 1)X, 
for each group. The results are shown 
in Table 1. 
In Table 1, the estimates of @ based on 
weighted errors are consistently smaller 
than the estimates based on total errors. 


‘ The notation @ means the estimated value 
of the parameter @. 


THOMAS R. TRABASSO 


TABLE 1 
@ ESTIMATES FOR THE FIVE 
EXPERIMENTAL GROUPS 


Source of Estimate 


Group ya? 
Mean Weighted 
errors 


Mean Errors 


.070 
.050 
.046 
.039 
.029 


.100 
.060 
.055 
.046 
.033 


Such a discrepancy suggests that the 
learning curves found did not have the 
shape stated by the theory. Since the 
estimates were based on group averages, 
the discrepancy might mean that in- 
dividual differences were sufficient to 
distort the shape of the learning curve, 
or that individual Ss did not distribute 
their errors as the theory predicts. 
Weighted error estimates place emphasis 
on errors made late in learning. From 
this, it appears that the groups made a 
disproportionate number of errors late 
in learning, compared with the theo- 
retical expectations. This effect may 
be due to the presence of nonlearners. 

To test whether individual S’s learning 
curves were of the shape predicted by 


Ys 


eo D 
° ° 


WEIGHTED ERROR @ 
nN 
° 








» 40 
TOTAL ERROR @ 


Fic. 2. Scatterplot of individual estimates 
of @ based on total error and weighted error 
scores. The large dots represent coincident 
observations. 
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the theory, individual 6 values were 
calculated for each S. If each S dis- 
tributes his errors appropriately, then 
the two estimates of 8, from total and 
weighted errors, should be about equal 
for each S. An over-all sign test between 
the two sets of estimates showed that 
the individual weighted error estimates 
were consistently smaller than the in- 
dividual total error estimates (z = 3.91, 
P = .0001). 

The individual estimates of @ based 
on total error and weighted error scores 
are shown in Fig. 2. The discrepancies 
(indicated by deviations of the points 
from the diagonal line) are largest at 
high values of 6, which corresponds to 
rapid learning and very small error 
scores. The results are those to be 
expected if Ss make occasional late errors 
after learning is essentially complete. 
Fatigue, boredom, or occasional inter- 
ruptions or noises, not accounted for in 
the theory, may have produced this 
effect. The numerical differences are 
small: in 80 comparisons, 70% of the 
discrepancies were less than .015. 

Additivity of cues.—If the sets A and E 
of relevant cues are disjoint, then 6, and 
6. should add directly to yield 43, since 
Problems 1, 2 and 3 all have the same 
Similarly, 6, and @; should com- 
bine by Equation 6 to yield 43. 

To determine whether the estimates 
of 8 in Table 1 are consistent with these 
experimental hypotheses, the method of 
prediction was used. Estimates of @; 
and @, were added to produce a predic- 
tion of 63. From this predicted 63, mean 
error and mean weighted error expecta- 
tions were computed. These predictions 
are compared with the obtained values 
for Group A+ E in Table 2. Because 
of the discrepancies between estimates, 
the procedure is repeated separately for 
mean errors and mean weighted errors. 

Similarly, estimates of 6, and @; are 
combined by Equation 6 to produce 
another prediction of 6;. This predicted 
6; is used to generate predicted error 
and weighted which are 
compared with the obtained values in 
Table 3. 

The ¢ tests reported in Tables 2 and 3 


cues. 


error scores 


TABLE 2 


Prepictions or A + E rrom A ann E: 
Hyporuesis 1 


Score Pred. | 


Obs. | « | P 

Mean errors 

Mean weighted 
errors 


14.57 | 11.72 |0.81 | >.05 


1428.00 |495.34 0.35 | >.05 


are computed by taking the predicted 
values as fixed points. This test is overly 
stringent, since these predictions have 
an unknown variance resulting from 
variance of Groups A, E, A’ and E’. 

In none of the four predictions of the 
performance of Group A+ E (from 
Groups A and E with total errors, and 
from A and E with weighted errors, 
from A’ and E’ with total errors, and 
from A’ and E’ with weighted errors) 
were the predictions significantly in 
error. None of these predictions, taken 
as a fixed parameter, could be rejected 
at the .05 level. 

As individual differences were present 
in terms of performance in the experi- 
mental groups, a further test of the pre- 
dictions was carried out. The distribu- 
tion of scores can be predicted for any 
assumed correlation between the scores 
on the two predictor problems. The 
assumption was made that there was a 
high positive correlation as to rank 
position in the different experimental 
groups. Acting upon this assumption, 
the individual @ values were ranked in 
each group. The matched rank 6 values 
for Groups A and E were then added 
directly to yield a predicted distribution 
(Hypothesis 1). Similarly, the matched 
rank @ values for Groups A’ and E’ were 
combined by Equation 6 to yield a 


TABLE 3 
PREDICTION OF A + E from A’ anp E’: 
Hypotuesis 2 


Score Obs. | ¢ P 


Pred 

Mean errors | 11.72 

Mean weighted 
errors 


11.72 |0.00 | >.08 
305.00 |495.34 0.98 >.05 
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second predicted distribution (Hypothe- 
sis 2). These calculations were carried 
out using both total and weighted error 
estimates. Predicted distributions were 
compared with the obtained distribution 
of Group A+E by means of the 
Kolmorgorov-Smirnov cumulative dis- 
tribution test for two observed distribu- 
tions. A maximum difference of 8 is 
necessary for rejection of the hypothesis, 
whereas the differences ranged from 3 to 
5, no difference approaching the .05 
level. Furthermore, ¢ tests between 
predicted and obtained distributions 
were all far short of significance (.05 
level). Median-split chi square tests 
comparing each predicted distribution 
with the obtained distribution were 
performed, and all such tests failed to 
disclose a difference in medians (.05 
level). 

In this study, the difficulties en- 
countered in finding comparable esti- 
mates of 6 by the two methods suggested 
by the theory forced the making of 
predictions of additivity with separate 
0 values. Investigation of the two 
estimates on each S indicated that the 


discrepancy became larger as the rate 


of learning increased (see Fig. 2). The 
discrepancy in estimates was further 
investigated by Monte Carlo computa- 
tions. The theoretical curve, 1 — pa, 
was computed on hypothetical data, 
exactly fitting the theory for @ = .25 
for 80 Ss. The parameter was then 
recovered by both estimation methods 
for each hypothetical S. It was found 
that the estimates were quite variable, 
with values centering in the region of 
.25. In the Monte Carlo procedure, the 
weighted error estimates gave higher 
estimates (z = 3.15, P = .002) but in 
the experimental data, the total error 
methods gave higher estimates. These 
results suggest that the theoretical 
learning curve does not fit the empirical 
data correctly. The exact source of the 
discrepancy is not known at this writing. 


TRABASSO 


SUMMARY 


Four groups of 16 college students each 
learned problems involving patterns of five 
letters, in which only one of two key letters 
was relevant. For two of the groups the 
other letter was irrelevant; for the other two 
groups the other letter was fixed in appear- 
ance, reducing irrelevant cues. A fifth group 
of 16 Ss learned a problem with both letters 
relevant and redundant. 

The two-letter-relevant problem was 
learned faster than any of the others, one of 
the cues was found to be stronger than the 
other and a small advantage due to reducing 
irrelevant cues was suggested by the findings. 

Two hypotheses concerning additivity of 
cues were formulated and tested. The 
hypotheses differed with respect to details 
of experimental procedure involved 
additivity of learning rates. 

Learning rates (theoretically, the propor- 
tions of relevant cues) were estimated in 
problems where only one letter or the other 
is relevant and then used to predict perform- 
ance on the problem in which both letters 
are relevant and redundant. Statistical tests 
failed to reveal any significant differences 
between prediction and observation in the 
mean, median, or over-all distribution of 
error scores. 

These results were taken as supporting the 
assumption that the rate of learning depends 
on the proportion of relevant cues approxi- 
mately as specified in Restle’s theory. 


and 
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The purpose of the present experi- 
ment was to investigate the effect 
of various degrees of intermittent 
reinforcement upon the acquisition, 
extinction, and spontaneous recovery 
of the conditioned eyelid response 
when constant number of rein- 
forcements was given. The research 
investigates two aspects of condi- 


a 


tioning that are of special interest. 
First, although it was evident from 
the study of Grant and Schipper 
(1952) that increasing percentages of 
reinforcement result in increasingly 
higher asymptotes during acquisition 
of the conditioned eyelid response, 


the function was not investigated for 
the situation in which the number 
of reinforcements was equalized over 
the whole acquisition process for each 
percentage of reinforcement. Sec- 
ondly, there are very few spontaneous 
recovery data on human Ss in the 
literature (Ellson, 1939:Grant, Hunter 
& Patel, 1958; Howat & Grant, 1958; 
Porter, 1938, 1939) and the problem 
of spontaneous recovery after inter- 
mittent reinforcement has been totally 
ignored. The two most general 
attempts to establish a_ theoretical 
framework for these phenomena, the 
Hull behavior theory approach (Hull, 
1951) and the Estes probability model 
approach (Estes, 1950, 1955; Estes 
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& Straughan, 1954), do not deal 
explicitly with all of the phenomena 
involved, but the availability of 
empirical data may serve to indicate 
the ways in which these formulations 
may be modified. 


METHOD 


A pparatus.—The apparatus was modified 
from that used in earlier research (Grant, 
Schipper, & Ross, 1952). The S sat in a 
straight-backed chair facing a rectangular 
enclosure placed on top of a table. The 
interior of the box was painted white. About 
80 cm. in front of S's eyes and slightly below 
his line of level vision was a white rectangular 
box with a 10-cm. circular milk glass window 
in which the conditioned stimulus (CS) was 
presented. The background illumination in 
the enclosure varied in the neighborhood of 
5-10 mL., and the CS consisted of illumina- 
tion of the window to 42 mL. for 750 msec. 
The S wore a 5-cm. X 15-cm. sheet of 28- 
gauge rubber-padded aluminum on his face 
lateral to his left eye. This plate was sup- 
ported by an elastic band around his head 
and held the stimulus jet and a microtorque 
potentiometer*® which served to pick up S's 
eyelid movements. A hypodermic tube was 
fitted to the shaft of the potentiometer and a 
length of piano wire was passed through the 
tubing so that it slid smoothly. A small 
piece of thin aluminum was attached to the 
end of the piano wire, and this in turn was 
taped to S’s eyelid by means of Scotch Tape 
so that any movement of S's eyelid would be 
transmitted to the shaft of the potentiometer. 
Timing and recording equipment was elec- 
tronic. The signal from the potentiometer 
was amplified by a dc amplifier and differen- 
tiated once so that the first time derivative 
and the actual eyelid movements could be 
recorded by means of an ink writer in E's 

*A recording device originally suggested 
by K. W. Spence. 
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room. The CS and UCS were also indicated 
on the record. 

On reinforced trials, the UCS was a corneal 
air puff of 200-msec. duration administered 
500 msec. after the onset of the light. The 
puff involved a pressure of 150 mm. of 
mercury at the source and was sufficient at 
the eye to produce a consistent reflex. It was 
delivered through a plastic tube of 3 mm. 
aperture diameter approximately 9 mm. from 
the lateral portion of the cornea of S’s left eye. 

Experimental design——Each S was given 
40 reinforced acquisition trials immediately 
followed by 20 extinction trials during the 
first experimental session which lasted about 
40 min. Approximately 24 hr. later, a second 
session of 20 unreinforced trials was given 
to each S to test for spontaneous recovery. 
This session lasted approximately 10 min. 

Four groups of 20 Ss each were used in 
the present experiment. The 25% group 
received 160 acquisition trials with a mean 
intertrial interval of 12 sec.; the 50% group 
received 80 trials with a mean intertrial 
interval of 24 sec.; the 75% group received 
54 trials with a mean intertrial interval of 
36 sec.; and the 100% group received 40 
trials with a mean intertrial interval of 48 
sec. The average interval between reinforced 


100 


trials was thus essentially the same in the 
four groups. Four independent random 
sequences were used with each of the inter- 
mittent groups with the restrictions that: 
the first and last acquisition trials were rein- 
forced; one half of the reinforced trials 
came at the first half and one half at the last 
half of acquisition ; and there were never more 
than six consecutive unreinforced trials in a 
series. Intertrial intervals and _ reinforce- 
ments were independently randomized and 
were programmed by means of a Western 
Union tape transmitter. In the extinction 
and spontaneous-recovery test series, the 
mean intertrial interval was approximately 
30 sec. and contained equal numbers of the 
intertrial intervals present in each acquisition 
so that no group would receive intervals in 
extinction more like those in acquisition than 
any other group received. 

Subjects —The Ss were 32 men and 48 
women students who volunteered from classes 
in elementary psychology at the University 
of Wisconsin. They were assigned randomly 
within sex to the four experimental groups. 
The Ss were instructed to maintain a passive 
attitude toward the experiment and not to 
influence in any way their natural reactions 
to the stimuli. 
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RESULTS 


Owing to the general stimulus 
conditions of the experiment there 
were few signs of voluntary respond- 
ing (Spence & Ross, 1959) among the 
Ss, and no Ss were rejected for this 
reason. All eyelid responses with 
latencies between 200 msec. and 550 
msec. were defined as CRs. Figure 1 
presents the acquisition, extinction, 
and spontaneous recovery findings of 
the experiment. The percentages of 
CRs are plotted against’ successive 
eighths of the acquisition series and 
successive quarters of the extinction 
and spontaneous recovery series. For 
the 100% group this would mean 
every five-trial block throughout the 
experiment, but the size of the acqui- 
sition block would 
to the percentage 
during acquisition. The parameter 
is percentage of reinforced trials 
during the training period. 

Inspection of Fig. 1 


vary according 
of reinforcement 


reveals im- 


mediately that even when the num- 
bers of reinforced trials are equalized, 


the percentage of intermittence of 
reinforcement has essentially the same 
effect during acquisition, as was 
reported by Grant and Schipper 
(1952), when the numbers of rein- 
forcement trials were not equal. The 
terminal levels during acquisition are 
very similar to those reported by 
Grant and Schipper except for the 
75% group, which is considerably 
lower in the present experiment than 
in the earlier one. An analysis of vari- 
ance based on the percentage fre- 
quency of eyelid CRs during the last 
20 trials of acquisition yielded a highly 
significant F of 6.889 (df = 3/76), 
with an error MS of 516.399 for arcsin 
transformed percentages. 

During extinction the trends are 
very orderly and show more rapid 
extinction with the higher percentages 


of reinforcement. In fact, at the end 
of the extinction session the tendency 
to give CRs is reversed with respect 
to the various percentages of rein- 
forcement. Here again, the data are 
quite similar to those reported by 
Grant and Schipper, although in the 
present experiment the 25% rein- 
forcement group gives much more 
resistance to extinction than was 
reported in the earlier experiment. 
This discrepancy presumably was 
due to the smaller actual number of 
reinforcements given in the 25% 
group of the earlier experiment. The 
arcsin transforms of the percentage 
frequency data on successive five- 
trial blocks during extinction were 
analyzed and compared for the four 
groups by an orthogonal polynomial 
trend test (Grant, 1956). A sum- 
mary of this analysis is presented in 
Column A of Table 1. The significant 
over-all linear component simply in- 
dicates that the over-all average scores 
decrease from block to block and 

4 : ° 
could be described essentially by a 
linear equation. Of considerably more 
interest are the significant between- 
groups trend and linear component. 
Here the lower percentage of rein- 
forcement results in significantly less 
negative slope than the higher per- 
centage of reinforcement; these Ss 
extinguish significantly more slowly, 
as indicated in Fig. 1. The significant 
individual differences in average per- 
formance shown by the significant F 
between individual means is a common 
finding. 

The spontaneous recovery test data 
graphed in the right-hand of Fig. 1 
are of the same basic form as the 
initial extinction curves and the first 
impression is that there is tremen- 
dous 24-hr. recovery for all groups. 
Actually, the ordering on the first 
block of spontaneous recovery testing 





THOMAS F. 


HARTMAN AND DAVID A. GRANT 


rABLE 1 


TREND ANALYSES OF TRANSFORMED FREQUENCY OVER FIVE-IT RIALS BLOCKS 
DURING (A) EXTINCTION AND (B) SPONTANEOUS RECOVERY 


Source of Variation 
Over-all trend 
Linear 
Quadratic 
Cubic 
Between reinforcement percentages 
Between reinforcement trends 
Linear 
Quadratic 
Cubic 
Between-S means 
Between-S trends 
(Linear error MS) 
(Quadratic error MS) 
(Cubic error MS) 


* Significant at 5% level. 
aaa Significant at 1% level. 
*** Significant at 0.1% level. 


is not quite the same as that in the 
extinction due to the depressed tend- 
ency of responding in the 100% 
reinforcement group. The extended 
trend analysis on the transformed 
spontaneous recovery test data in 
Column B of Table 1 shows significant 
results similar to those found in 
extinction, except that the quadratic 
components of the over-all trend and 
the quadratic components of the 
between-group trends are significant. 
The significant between-group quad- 
ratics presumably arise because of the 
greater curvilinearity of the spon- 
taneous recovery extinction test in 
the 100% and 75% groups, as com- 
pared with the 50% and 25% curves. 

To determine if the forms of the 
second extinction curves on the spon- 
taneous recovery test were the same 
as for the initial extinction, an analysis 
of variance was carried out on the 
orthogonal trend components of the 
transformed scores summarized in 
Table 1. These results are given in 
Table'2. The extinction-spontaneous 
recovery M/S is a conventional be- 
tween-treatments 1/S, and the error 


A. Extinction B. Spontaneous 
Fs Recovery Fs 


32.066*** 
58.625*** 


21.013*** 
33.772°°° 
11.682*** 
0.907 
0.860 
3.462** 
3.411* 
5.507** 
1.227 
9.493*** 
(261.69) 
(387.10) 
(212.36) 
(185.60) 


(511.99) 
(221.28) 
(210.37) 


MS was based on Ss X Treatments 
interaction. The error term for each 
F test is the extinction-spontaneous 
recovery interaction with Ss. Of the 
effects tested, only the difference 
between linear components of extinc- 
tion and spontaneous recovery tests 
in the 25% group and the difference 
between quadratic components of the 
75% group reached significance. That 
is to say, the second extinction curve 
of the 25% group was flatter than the 


TABLE 2 


Tests OF INITIAL EXTINCTION VS. SPON- 
TANEOUS RECOVERY TREND 
COMPONENTS 


Linear 
df | Compo- 
nent 


F 


Quadratic 
Compo- 
nent 


Group} Source of Variation 


Ext. vs. Spont. 
| Error (MS) 


5.193* 
(152.13) 


1.220 
(183.49) 


1.239 
(200.16) 


0.057 
(161.25) 


Ext. vs. Spont. 
Error (MS) 
Ext. vs. Spont. 
Error (MS) 


1.086 
(285.49) 


8.656** 
(229.67) 


Ext. vs. Spont. rec. 
Error (MS) 


3.990 


| 0.759 
| (286.90) 


100%, (177.80) 


* Significant at 5% level. 
** Significant at 1% level. 
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first, and the second extinction of the 
75% group was more curved than the 
first extinction. The changes in 
shape of the other extinction curves 
were not significant. 

The amount of spontaneous re- 
covery for the various groups is 
somewhat difficult to ascertain, owing 
to the problem of selecting a suitable 
index. In general, a simple index is 
and when the percentage 
of response on the first block of trials 
during recovery is compared with the 
percentage of response on the first 
block of initial extinction, it is found 
that there is 69% recovery in the 
25% group, 90% recovery in the 50% 
group, 88% recovery in the 75% 
group, and 66% recovery in the 100% 
group. Thus the 50% and 75% 
groups show greater spontaneous re- 
covery than was found in the 25% 
and 100% groups. 


desirable, 


DISCUSSION 


In general, the results of 
Grant and Schipper (1952) and Ross 
(1959) are confirmed in that higher 
percentages of reinforcement 


Acquisition. 


result in 
higher levels of conditioning, and this 
finding is generalized to the situation 


where the number of reinforcements is 


equal for all groups \ decremental 
effect of the nonreinforced trials (Ross, 
1959; Ross & Spence, 1960) is indicated. 
It will be remarked that the lower per- 
centages of reinforcement involved higher 
degrees of massing than was the case for 
the 100% group. In general, massing 
with 100% reinforcement will depress 
acquisition (e.g., Spence & Norris, 1950); 
with 50% intermittent 
however, Grant, Schipper, and Ross 
1952) significant effect of 
distribution, and it is conjectured that 
massing is more important with 100% 
reinforcement than with intermittent 
reinforcement, although this matter merits 
further investigation. 

Since the acquisition curves did not 
reach definite asymptotes at the end of 


reinforcement, 


found no 


the acquisition training, the magnitudes 
of the discrepancies between the data 
and the percentage of reinforcement 
values (7), as predicted by the Estes- 
Straughan model (1954), are not deter- 
minate. The and 50% groups 
appeared to be headed for asymptotes 
higher than the 25% and 50% x values. 
An indication of a departure from the 
elegant Estes-Straughan model seems 
to have been found, although the appro- 
priateness of this model for eyelid condi- 
tioning may be questioned, since the 
eyelid CR is probably not as simple as 
the conditions envisaged by the model. 
Extinction.—The extinction results are 
in line with the classical results in the 
literature (Grant & Schipper, 1952; 
1939). An interpretation 
of the differential extinction found with 
varying percentages of reinforcement 
has not been extensively dealt with by 
(1954) or 
In the Estes-Straughan 
it would appear that once 
a given leve! of habit strength is reached, 
extinction should be a function only of 
this level and the distribution of trials in 
the specific extinction schedule (Estes, 
1955). In this experiment all groups had 
the same extinction series. The effect 


>» 
25% 


Humphreys, 


either Estes and Straughan 
by Hull (1951). 
formulation 


of distribution of acquisition trials upon 
initial extinction 


was not considered to 
relevant to test the 
A family of extinction 
curves beginning at the terminal acquisi- 
tion level and approaching a common 
asymptote at similar rates would be 
predicted by the Estes model. Such was 
not found, but rather a progressively 
greater resistance to extinction 
lower percentages of reinforcement. 
The simplest change in the Estes 
model that would help account for these 
results would be an assumption that 
intermittence tends to increase the inter 
change between elements in the available 
subpopulation, S, and the unavailable 
subset of stimulus elements, S’, in the 
superpopulation, S*, during both acquisi- 
tion and extinction of the response. 
Such an addition to the theoretical 
formulation is plausible during acquisi- 
tion, because the complexity of the 


be satisfactorily 


Estes theory. 


with 
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intermittence schedule is disruptive to 
S and might tend to bring new elements 
into his available stimulus set. The 
increased exchange in acquisition would 
allow a large number of elements in the 
superpopulation to be conditioned even 
though the percentage conditioned in 
the available subset might never be high. 
With less interchange in the continuously 
reinforced procedure the percentage con- 
ditioned in the available subset might be 
high without ever conditioning a large 
number of elements in the superpopula- 
tion. The extinction process after inter- 
mittent reinforcement would be _pro- 
longed since a large number of elements 
were conditioned, provided that it is 
also assumed that a relatively free inter- 
change takes place between subsets 
during the extinction process. This 
causes difficulties later in connection with 
spontaneous recovery. Extinction after 
continuous reinforcement ought to be 
quite rapid as the conditioned elements 
from the unavailable subset would not 
be diffusing into the available subset 
at as high a rate as that found in the 
other procedures. 


Spontaneous recovery.—The spontane- 
ous recovery data are new to the litera- 
ture and are noteworthy in that the 
degree of spontaneous recovery is high, 
as might be expected from continuous 
reinforcement data reported by Porter 
(1938, 1939), Howat and Grant (1958), 


and Grant, Hunter, and Patel (1958). 
The fact that even higher spontaneous 
recovery is found following 50% and 
75% reinforcement is especially striking 
although statistical comparisons between 
groups were not feasible on this finding. 
Certainly the amount of spontaneous 
recovery was high for all procedures. 
The high spontaneous recovery pro- 
duces problems for the Hullian theory 
unless it is assumed that the initial 
extinction is caused primarily by Ir 
(Hull, 1951). The spacing of initial 
extinction trials, however, would seem 
to be adequate to keep Jp at a low level 
(Spence & Norris, 1950). The problem 
of reduced drive, D, (Spence, 1956, 1958) 
owing to the suspension of the UCS 
during extinction is a more complicated 
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matter. An explanation of high levels 
of spontaneous recovery in terms of D 
evidently requires that the part of D 
that is based on conditioned emotional 
responses must recover over a 24-hr. 
period in which no additional UCSs are 
presented. This, unfortunately, explains 
spontaneous recovery of eyelid CRs in 
terms of the spontaneous recovery of 
other CRs, which may be stretching the 
D theory too far. 

The spontaneous recovery results also 
pose special problems for the Estes 
spontaneous recovery and _ regression 
model (Estes, 1955). If the simple Estes 
model were valid for the present situa- 
tion one would predict spontaneous re- 
covery curves similar in form to the 
initial extinction curves but with lower 
initial response frequencies. The higher 
level of responding at the end of initial 
extinction by the groups receiving the 
lower percentages of reinforcement im- 
mediately complicates the predictions 
of spontaneous recovery from the Estes 
model as indicated in the previous sec- 
tion. It seems evident, however, that 
the crossing over of the curves observed 
in the spontaneous recovery test and 
the differences in trend components of 
extinction and spontaneous recovery 
tests would hardly be expected. If the 
tendency of the groups with the lower 
percentages of reinforcement to respond 
with a higher frequency of CRs during 
the beginning of the spontaneous re- 
covery test series is a valid observation, 
further difficulties confront the model. 
Aside from this, however, if it be granted 
that the groups with low percentages of 
reinforcement during acquisition showed 
high spontaneous recovery, it is again 
indicated that greater diffusion of stimu- 
lus elements between the two subsets 
of the superpopulation, available and 
unavailable, would be required with 
increasing intermittence of reinforce- 
ment. Furthermore, because of the 
high degree of spontaneous recovery, 
it is necessary that the unavailable 
subset be large relative to the available 
subset. With relatively free interchange 
in the 25% group the available stimulus 
subset would never differ much from 
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the rest of the superpopulation during 
initial extinction, so that the spontaneous 
recovery curve would not show great 
initial recovery and only a small amount 
of negative slope or extinction. The 
continuously reinforced group, with the 
least interchange of elements, would 
present a markedly different available 
subpopulation after 24-hr. than was 
present at the end of initial extinction, 
since the extinction effects were confined 
to a restricted, well-defined group of 
stimulus elements during initial extinc- 
tion, and the intervening 24-hr. should 
be sufficient, even restricted ex- 
change, to obtain a relatively new avail- 
able subset. Spontaneous recovery, 
however, should not be great in this 
group, since the restricted interchange 
in acquisition would not allow a high 
percentage of elements in the super- 
population to be initially conditioned. 
The 50% and 75% groups with inter- 
mediate degrees of interchange of ele- 
ments between the available and un- 
available may turn out to be 
optimal for spontaneous recovery. 

Such a change in the Estes model, 
though simple and plausible from the 
psychological standpoint, poses 
mathematical problems in 
detailed predictions, 


with 


subsets 


grave 
obtaining 


because intermit- 


tence would have a progressively greater 


effect during acquisition. This results 
in nonlinear difference equations. 


SUMMARY 


The effects of 25%, 50%, 75%, and 100% 
random reinforcement upon the acquisition 
extinction, and spontaneous recovery of the 
conditioned eyelid response were studied in 
80 human Ss. Each S received 40 reinforced 
trials followed by a 20-trial extinction series 
on Day 1. The duration of the acquisition 
and the number of reinforced trials 
was the same for all groups. Approximately 
24 hr. later all Ss received the 20-trial spon- 
taneous recovery test. When both rein- 
forced and unreinforced trials were given, the 
order was random with specified restrictions. 
The Ss were light-adapted and were tested 
with neutral instructions. The principal 
findings were as follows: 

i. The percentage frequency of CRs during 
acquisition was a function of the percentage 


series 


of reinforced trials as has been reported in 
earlier work where the number of reinforced 
trials was not equalized. 

2. During extinction the groups with the 
lower percentages of reinforcement showed 
significantly more resistance to extinction 
than those with higher percentages of rein- 
forcement. 

3. The form of the spontaneous recovery 
function for each group was not always similar 
to the extinction function for that group, 
although during the spontaneous recovery 
test the groups with the lower percentages 
of reinforcement again showed the greatest 
resistance to extinction. 

4. There was some indication that the 
degree of spontaneous recovery was greatest 
in the 50% and 75% reinforcement groups. 

The results were discussed in relation to 
Estes’ stimulus variability learning model 
and Hull's behavior theory. Both theoretical 
approaches have difficulty in accounting for 
extinction following intermittent reinforce- 
ment and the high degree of spontaneous 
recovery that was obtained. It was suggested 
that greater compatibility with the Estes 
model could be obtained by hypothesizing 
that intermittent reinforcement tends to 
promote increased interchange between the 
elements in the available subpopulation and 
the remainder of the superpopulation of 
stimulus elements during both acquisition 
and extinction. 


REFERENCES 


E._tson, D. G. Spontaneous recovery of the 
galvanic skin response as a function of the 
recovery interval. J. exp. Psychol., 1939 
25, 586-600. 

Estes, W. K. Toward a statistical theory 
of learning. Psychol. Rev., 1950, 57, 94-107. 

Estes, W. K. Statistical theory of spon- 
taneous recovery and regression. Psychol. 
Rev., 1955, 62, 145-154. 

Estes, W. K., & StrRauGHAN, J. H. Analysis 
of a verbal conditioning situation in terms 
of statistical learning theory. J..exp. Psy- 
chol., 1954, 47, 225-234. 

Grant, D. A. Analysis of variance tests in 
the analysis and comparison of curves 
Psychol. Bull., 1956, 53, 141-154. 

Grant, D. A., Hunter, H. G., & Pater, 
A. S. Spontaneous recovery of the condi- 
tioned eyelid response. J. gen. Psychol., 
1958, 59, 135-141. 

Grant, D. A., & Scuiprper, L. M. The 
acquisition and extinction of conditioned 
eyelid responses as a function of the per- 





96 THOMAS F. HARTMAN 


centage of fixed ratio random reinforce- 
ment. J. exp. Psychol., 1952, 43, 313-320. 

Grant, D. A., Scuipper, L. M., & 
B. M. The effect of intertrial interval 
during acquisition on extinction of the 
conditioned eyelid response following partial 
reinforcement. J. exp. Psychol., 1952, 44, 
203-210. 

Howat, M. G., & Grant, D. A. _ Influence 
of intertrial interval during extinction on 
spontaneous recovery of conditioned eyelid 
responses. "8 exp. Psyc hol., 1958, 56, 11-15. 

Hutt, C. L. Essentials of behavior. New 
Haven: Yale Univer. Press, 1951. 

Humpureys, L. G. The effect of random 
alternation of reinforcement on the acquisi- 
tion and extinction of conditioned eyelid 
reactions. J. exp. Psychol., 1939, 25, 
141-158. 

Porter, J. M., Jr. The modification of 
conditioned eyelid responses by successive 
series of nonreinforced elicitations. J 
Psychol., 1938, 19, 307-323. 

Porter, J. M., Jk. Experimental extinction 

function of the interval between 

successive non-reinforced elicitations. J. 


Ross, 


gen 


as a 


gen. Psychol., 1939, 20, 109-134 


AND DAVID A. GRANT 


Ross, L. E. The decremental effects of par 
tial reinforcement during acquisition of the 
conditioned eyelid response. J. exp. Psy- 
chol., 1959, 57, 74-82. 

Ross, L. E., & Spence, K. W. Eyelid con- 
ditioning performance under partial rein- 
forcement conditions as a function of UCS 
intensity J Psychol., 1960, 60, 
379-382. 

SPENCE, K. W 
tioning. New Haven: Yale Univer 
1956. 

Spence, K. W. A theory of 
based drive (D) and its relation to 
formance in simple learning situations 
Amer. Psychologist, 1958, 13, 131-141 

Spence, K. W., & Norris, E. B. Eyelid 

function of the inter- 

exp Psyc hol., 1950, 40, 


exp 


Behavior theory and condi- 
Press, 


emotionally 
per- 


conditioning as a 
trial interval. J. 
716-720 
Spence, K. W., & Ross, L. E. A methodo- 
logical study of the form and latency of 
eyelid responses in conditioning. J. exp 
Psychol., 1959, 58, 376-381 


(Received August 7, 1959 





Journal of Experimental Psychology 
1960, Vol. 60, No. 2, 97-102 


RESPONSE STRENGTHENING BY INFORMATION AND 


EFFECT 


W. A. HILLIX anp 


University 


The nature of the action of response 
consequences is one of psychology’s 
Several investi- 
, Ejisenson, 1935; Post- 
man & Adams, 1954; Thorndike, 1933, 
1935) have held that the 
reward is essentially automatx 
Another 


persistent problems. 
gators (é€.¢g. 
action of 
and 
noncognitive. 
Bitterman, 1956: Tolman, Hall, & 
Bretnall, 1932) held that the 
strengthening observed is due to the 
information 


group (e.g., 
has 


given by the aftereffect. 
Experimental 


available 
which appears to support each point 


evidence is 
of view. For example, Muenzinger 
(1934) showed that information can 
strengthen connections for human Ss 
independently of any experimentally 
manipulated satisfying aftereffects. 
On the hand, (1957) 
recently found evidence apparently 
confirming an automatic strengthening 
view. 


other Porter 


It is, of course, quite possible that 
both information and effect 
ficient 
any 


sul- 
to strengthen responses. In 
difficult present 
effect without also introducing infor- 
mation. 


are 


case, it is to 


The problem we are con- 
cerned with, therefore, is not informa- 
tion versus effect, but rather the role 
of effect when added to that of 
information alone. 

The original purpose of the present 
study was to test the proposition that 
when responses are followed by reward 
they are more strongly established, 
as measured by a transfer test, than 
when they are followed by an equiva- 
lent amount of information provided 
in the of the presumed 
“effect” It was assumed 


absence 
function. 
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oO 
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the training 


result 


that 
would 


two procedures 
similar 
acquisition periormance, and that if 


there were any difference it would be 


in essentially 


in favor of the experimental condition. 


METHOD ! 
Subjects 


under- 
graduate psychology class at the University 
of Missouri the 
two groups in Exp. 1 in 


Exp. 2 


The Ss were 60 students from an 


served in each of 
10 in each 


Twenty 


group 


A pparatus 


The 
which 
The 
long 
lights were mounted on it in a rectangular 
array. A toggle switch was beside each light 
The lights 
numbered 
English 
the 


only 


was a 


Masonite 
were 


box 
mounted 
high and 38 in 
Six rows and six columns of red jewel 


apparatus 
lights 
front panel was 26 in 


in 


and switches 


and associated switches 
from 1 through in normal 
reading order The back panel of 


which was 


were 
36 


used 
switches connected 
switches. Only if the 
appropriate switch on the back was closed 
would the front switch turn on the light next 
to it Thus, E arbitrary 
pattern of lights which would come on when 
the switches were thrown on the front panel 


apparatus, and 


by E, 


series to the front 


seen 
consisted of 
in 


could ( hoose any 


\ larger green jewel light was mounted 
separately small Masonite box 
sat on the top of the larger one 


in a which 
Rotary 
switches on E’s panel were connected with 
the front that the front 
switches could be selected to turn on the green 


switches so one of 


jewel light 


Procedure: Experiment 1 


All 


lasting 


{cquisition trials Ss 


vidually 


were 
about 


indi- 
hr 


run 
in sessions 1.5 

! Further details and illustrative diagrams, 
as well as individual data, are available in the 
unpublished MA thesis (Hillix, 1954 


which the present report was prepared 


from 
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They were given diagrams with six rows and 
six columns of dots corresponding to the lights 
on the apparatus. Each of the five diagrams 
indicated connections between the dots, 
with a single dot in the left-hand column 
connected by lines to several dots in the 
second column; each dot in the second column 
was connected to more than one dot in the 
next column, and so on to the last column. 
The total number of dots so connected in 
any single diagram varied from 14 to 19. 

Each experimental S received information 
plus reward (IR). He was told that E would 
turn on a light in the left-hand column, and 
that he should then turn to the diagram which 
began with that particular light. His task 
was then to guess which light was correct 
in each succeeding column and to tell E 
to check the guess by flipping the switch 
by the light. Correct lights came on, but 
incorrect ones did not. Switches were re- 
turned immediately to the off position after 
each check, regardless of outcome 

The experimental S continued to guess 
from among the possibilities indicated on the 
diagram until the correct light was found 
in a given column before proceeding to the 
next column. Choices in any given column 
were limited to those lights connected with 
the correct light in the preceding column of 
the diagram. There were from one to three 


lights so connected to each correct light in 


Exp. 1. Once a correct light had been dis- 
covered, S was instructed to remember it so 
that he could find all the correct lights 
immediately on later trials 

Control Ss received only information (1). 
They were instructed to learn the circuits 
by watching E throw switches and remem- 
bering the lights that came on. They were 
to call out the number of each switch E tried, 
whether right or wrong, so that E would be 
sure that the switch had been seen correctly. 
This procedure insured that Ss in both groups 
would make the same overt responses. For 
each S in the I group, E tried all the switches, 
both right and wrong, which the preceding S 
in the IR group had instructed him to try, 
in the same order and at the same rate as 
regulated by the buzzer. Information and 
overt responses were thus equated between 
groups. The critical difference between the 
I and IR groups was that IR Ss selected the 
switches to be tried in each column, while I 
Ss only observed the switches selected by E 
and called out their numbers 

Practicing each of the five training circuits 
one time was considered one training trial. 
The S was told to learn only the lights that 
came on, and to learn them well enough so 
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that he could write the numbers of all the 
five lights that were correct within a given 
circuit, once E had turned on the light in the 
left-hand column which indicated the circuit 
number. For the acquisition test, E gave 
S a sheet of paper with blanks for each of the 
columns. Then E turned on the first light 
of a circuit and asked S to write the numbers 
of the rest of the lights that had been correct 
during training. 

Circuits were presented in different ran- 
dom orders for each training and test trial 
Rate of responding was fixed for both training 
and test by instructing S to respond immedi- 
ately after the sounding of a buzzer which 
was set to operate every 5 sec. All Ss were 
trained and tested on a sample circuit to make 
sure they understood the instructions and 
became acclimated to the response rate 
Acquisition tests were given following the 
Training Trials 3, 5, and 6. 

The E motivated Ss in both groups by 
telling them in advance that they would be 
tested. Before the experiment 
took a test over a sample circuit. Also, E 
told each S that he would compare him 
directly with an S in another group, and that 
E would like to see him do better than the S 
in the other group. Work by Sims (1928) 
indicated that this second method should be 
effective, and it seemed to be. 

Transfer trials.—These trials were identical 
for both groups. The Ss were told that the 
interconnections on their diagrams repre- 
sented networks consisting of the previously 
learned circuit with additional parts; and 
that the networks were designed so that 
“shorts’”’ could be introduced at some switch 
positions. The S’s task was to find the 
positions of these shorts. A short was 
indicated by the left-hand column light and 
one additional light from the circuits. Each 
left-hand column light was paired with each 
of two lights from the previous circuit. For 
one of these pairings the short was in the 
previously learned circuit; for the other, it 
was not. Thus, on the first trial, S turned 
to the diagram indicated by the light in the 
left-hand column and checked by throwing 
switches. When the correct switch was 
thrown, the associated light came on, and 
the green jewel light on the top of the board 
also came on. On succeeding trials, S was 
supposed to remember the position of the 
short within the appropriate network associ- 
ated with the paired indicator light. Four 
trials were given on each of the 10 shorts 
(two within each of the five networks). 

The instructions were designed so that 
Ss should have had no more reason to repeat 


began Ss 
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previously learned lights than to respond 
at new positions; Ss were explicitly told that 
the short was as likely to occur in the previ- 
ously unlearned part as in the previously 
learned part. Motivation to repeat responses 
already learned for a given circuit should 
have been no greater than that to make new 
responses, and in any case should not have 
been different for I and IR Ss 
Procedure: Experiment 2 

Certain unexpected acquisition results 
which occurred in Exp. 1 could have been a 
function of differential amount of time spent 
in following the diagrams, since IR Ss had 
to check them more closely than I Ss. As a 
matter of fact, two of the latter ignored the 
diagrams completely spent their time 
in rehearsal; other | Ss referred to them only 
in a manner. To eliminate this 
possible artifact, a procedural change was 
initiated in Exp. 2, which was designed to 
verify the earlier acquisition results. Dia- 
grams were not used in the acquisition phase 
Instead, Ss told that circuits were 
constructed so that the correct light in any 
was either directly to the right, to 
the right above, or to the right 
and just below, the light in the 
This gave Ss three choices 
compared to the 
two choices that were most common in Exp. 
1 The same lights were correct in each 
circuit that had been correct, 
and the rest of the procedure was identical 
to that of Exp. ! 


and 


cursory 


were 


column 
and just 
correct 
previous column 
in nearly all cases in Exp. 2, 


previously 


RESULTS 


Acquisition Trials 


In Exp. 1, the mean number of 
correct responses per test was 17.62 
for the IR group and 20.38 for the I 
group, out of a possible 25 correct 


The variances were het- 

after the Cochran-Cox 
(Edwards, 1950, p. 168) 
was applied, the difference between 
groups remained significant (F = 7.72, 
df = 1/19, P < .05). 

In Exp. 2, the mean number cor- 
rect was 17.37 for the IR group, and 
20.83 for the I group. The variances 
were not heterogeneous, and the 
group difference was again significant 
(F = 6.17, df = 1/18, P < .05). 


responses. 
erogeneous; 
correction 
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The Group by Trials interaction was 
not significant in either experiment. 


Transfer Trials 


If a given S had a greater tendency 
to respond in the learned part of the 
circuit when searching for “shorts,”’ 
he should find them more quickly 
when they occurred in the previously 
learned part. It was predicted that 
IR Ss would have greater strength- 
ening of S-R connections, and thus 
do better on shorts within the learned" 
part of the circuit. Conversely, the 
I Ss would do relatively better on 
those in the unlearned part, since they 
would tend to distribute their guesses 
more evenly between learned and 
unlearned parts. The over-all effect 
should be reflected in an interaction 
between groups and learned-unlearned 
classification of the short location. 

An analysis of variance was run on 
number of responses to find the short, 
with learned or unlearned position 
of the critical switch as one of the 
variables. The Group X Learned- 
unlearned position interaction, for 
all four trials on a given problem 
combined, closely approached signifi- 
cance at the .05 level in Exp. 1 
(F = 3.89, df = 1/38, .05 < P < .06). 
The interaction was in the predicted 
direction; the IR group required 3.79 
checks to find shorts in the learned 
part and 4.19 checks in the unlearned 
part, while the direction was reversed 
for the I group (4.52 vs. 4.31). 

The group difference in number of 
checks was not significant when tested 
by analysis of variance; however, a 
simple analysis of covariance with 
total number of correct responses 
during acquisition as the control 
variable showed that the adjusted 
means of 144.94 for the IR group and 
191.09 for the | group were signifi- 
cantly different (F = 8.16, df = 1/37, 
P < .01). 
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In Exp. 2, there was no significant 
group difference or Group X Learned- 
unlearned interaction. 

A second measure of tendency to 
check in the learned part of the circuit 
was how many of the first five re- 
sponses made in looking for each 
short were in the learned part of the 
circuit. There was no group differ- 
ence within either experiment on this 
measure, but a difference did appear 
between experiments; in Exp. 1, a 
mean of 1.77 the first five 
responses were in the learned part; 
in Exp. 2, only 1.54 were in the learned 
part. The difference was significant 
(t = 6.16, df = 58, P < .01). 


out of 


DISCUSSION 


Acquisition.—The superiority in ac- 
quisition of Group I was not predicted 
and was contrary to the general rationale 
of the study. confirmation 
of the significant difference in Exp. 2 
indicated that the 
cepted with some 
who that im- 
portant acquisition is the 
informative value of the aftereffect would 


However, 
result could be ac 
confidence. Even 


those have argued the 


thing in 


seem to have no basis for predicting the 
differential that occurred in 
the studies, for a_ carefully 
equated amount of information 
given to all Ss. 


learning 
present 


Was 


It is commonly assumed (e.g., Hov 
land, 1951; Hovland, Lumsdaine, & 
Sheffield, 1949) that more active condi- 
tions produce better learning. However, 
the IR Ss in the present study were more 
active with the diagrams in 
and were certainly 


Exp. 1 
the 
Their inferi- 
that the 
activity variable may be less important 
than is generally supposed. In fact, 
there is little controlled 


more active in 
‘decision making’’ sense. 
indicates 


ority in learning 


surprisingly 


experimental evidence for the generally 
beneficial effect of activity in human 
associative learning. 
indicate a 


kinds of 


The present results 
need for investigation of 
materials are 


which more 
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effectively learned in a relatively passive 
manner through the presentation of 
information alone. It may be that 
wherever the motor components of the 
learning process are relatively simple 
or already well learned, there is little 
need for activity. 

Although no perfectly clear explana- 
tion of the 
readily available, certain 
speculations can be made, based upon 


qualitative observations of Ss’ behavior 


acquisition difference is 


interesting 


by E as well as a simple logical analysis 
of the situation. 
of conditions may be suggested, both 
relating to the greater activity, in the 
decision making sense, exercised by the 
IR S. In the first place, errors made 
by S_ himself tend to be more 
resistant to elimination. A related bit 
of evidence here is the earlier finding 
(Farber, 1940; Marx, 1941; Stone, 1950; 
Tuckman, 1933) that the probability of 
repetition of an error, in multiple-choice 
human learning, is an increasing function 
of the number of times it has already 
been repeated. If errors 
in the present study were thus generally 
stronger for IR Ss, they would have 
tended to produce greater interference 
with fixation of correct responses. In 
the second place, the need to decide 
which response to make very likely filled 
the interresponse interval of 5 sec. more 
completely for the IR than for the I S. 
Although this would be especially true 
in Exp. 1, the diagrams were 
consulted, it would also be true to some 
extent in Exp. 2, where the decision 
making response still necessary. 
In addition to providing some additional 
time for rehearsal for the I S, even in 
Exp. 2, this difference seemed to place 
the IR S under something of a 
as indicated by 


Two major classes 


may 


successively 


where 


was 


‘strain’ 
certain 
such Ss; 


spontaneous 
responses made by any such 
mild emotional arousal might have 
deleterious effects on acquisition. Al- 
though the relevance of these variables 
to the present experiment can not be 
ascertained, they offer possibilities for 
experimental manipulation in future 
research. 

The above 


considerations raise a 
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number of questions concerning the role 
of activity in learning, especially as it 
relates to the old problem of guidance. 
Guidance studies (e.g., Carr, 1921; 
Haslerud, 1953; Waters & Ellis, 1931) 
have typically not equated some of the 
that expected to 
influence performance; errors, time, or 
trials 
thus do not constitute anything like a 
clean test of the effects of guidance per se. 
The experiments can be 
sidered as providing such a test, at least 
insofar as the concomitant variables men- 
tioned controlled. In the 
typical guidance experiment, errors are 


variables would be 


may vary, and the experiments 


present con- 


above were 
simply prevented, and one cannot evalu- 
ate the relative effects of the guidance 
and the differential errors or concomitant 
time Further 
needed 


variations. research is 
to study 


the number and manner of introduction 


the effects of varying 


of errors. 
Transfer.—There is some evidence in 
support of the original prediction, for the 
Group X Learned-unlearned interaction 
in Exp. 1 approached the .05 
The fact that this 
duplicated in 


closely 

level of significance. 
result was not Exp. 2 
weakens our confidence in the hypothesis. 
However, our evaluation of such nega- 
tive evidence is tempered by at least two 
ad hoc considerations which suggest that 
Exp. 2 offers a less adequate test of the 
half the 


(being 


First, it had only 
number of Ss Exp. 1 
primarily verify the un- 
expected acquisition results). Second, 
the absence in Exp. 2 of the diagrams 
during acquisition may well have seri- 
ously reduced the transferability of the 
fixated responses by removing an im- 
portant part of the stimulus complex 
that was present in Exp. 1. The im- 
portance of the diagrams is suggested 
by the superiority of IR Ss to I Ss in the 
transfer test in Exp. 1; 
greater familiarity with the diagrams 
was obtained during acquisition for these 


hy pothesis. 
used in 
designed to 


presumably 


Ss. Also, Ss in Exp. 1 responded signifi- 
cantly more often in the previously 
learned parts of the circuits than Ss in 
Exp. 2, again suggesting the importance 
of the diagrams as mediating stimuli. 
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SUMMARY 


Sixty college students took part in two 
experiments designed to examine certain 
aspects of the roles of information and reward 
in multiple-choice learning. In each experi- 
ment, one group (IR) learned patterns of 
lights with reward (“right”’ signal) following 
responses which they determined; a second 
group (I) learned the lights by receiving 
equivalent information as to correctness 
following the same responses determined by 
E and merely observed by S. 

The experiments included both acquisition 
and response-transfer tests. The most 
interesting result was the unexpected finding 
that Ss receiving information alone learned 
significantly better on acquisition trials in 
both experiments than Ss receiving informa- 
tion plus reward. The prediction that IR Ss 
would do relatively better than I Ss on re- 
sponse-transfer trials where the problem 
involved the previously learned part of the 
circuit was supported at the .06 level of 
significance in Exp. 1, but was not supported 
in Exp. 2. 

The inferiority of the IR Ss in acquisition 
was tentatively suggested to be a function 
of several possible factors, such as 
distraction by errors. The results indicate 
a need for a re-examination of the role of 
“activity” in human learning, especially as 
it relates to guidance, since the IR Ss were 
more “active” in a decision making sense. 
The original hypothesis that reward would 
produce a more stable response than equiva- 
lent information found to have 
certain suggestive support 


greater 


alone was 
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FREQUENCY AND USEFULNESS OF VERBAL AND NON- 
VERBAL METHODS IN THE LEARNING AND 
TRANSFER OF A PAIRED-ASSOCIATE 
SERIAL MOTOR TASK! 


EVA NEUMANN 


Elmira College 


Does the use of verbal cues facilitate 
the learning, retention, and transfer 
of a motor task? This problem is 
both controversial and of recent inter- 
est (Battig, 1954; Braun & Bendig, 
1957; McAllister, 1953: Rossman & 
Goss, 1951). Battig (1954, p. 371) 
has attributed to Brogden the ‘“‘ver- 
bal hypothesis” that ‘‘the acquisition 
of a motor skill will be facilitated to 
the extent to which verbal descrip- 
tions of the stimulus, the response, or 
both, can be utilized. This hypoth- 
esis would predict that if verbal cues 
are added to the standard test superior 
acquisition will result.’’ Without 
adding extrinsic verbal cues to a 
motor task, Warden (1924) had pre- 
viously formulated the similar prin- 
ciple that for human mazes the use 
of a “verbal mode of attack” 
‘superior to “motor” or 
methods. 


was 
“visual” 


Opposed to these principles are the 


and 
so-called 
a paired- 


results obtained by Neumann 
Ammons (1958) with the 
“Schlosberg Board Task,” 


' This paper is taken from a thesis sub- 
mitted to the Department of Psychology, 
University of Kentucky, in partial fulfillment 
of the requirements for the PhD degree. 
rhe author wishes to express her appreciation 
to James S. Calvin and Richard L. Blanton 
for assistance and guidance. This manu- 
script was prepared under the sponsorship 
of the National Science Foundation Research 
Participation Program held at the University 
of Michigan in the summer of 1959; the author 
is indebted to William L. Hays of the Uni- 
versity of Michigan for helpful 
suggestions. 


editorial! 


associate serial motor task devised 
by Van Dusen and Schlosberg (1948). 
Neumann and Ammons found no 
differences in performance associated 
with different kinds of verbalization 
used by Ss, according to their own 
choice, either during the acquisition 
or during the retention periods in- 
vestigated. 

In order to help clarify these ap- 
parent contradictions, the present 
study was designed to investigate the 
utility of different kinds of verbal 
cues for learning and transfer of a 
serial motor task. The strategy of 
this investigation is to establish four 
categories or so-called “methods of 
learning,”’ based on the kind of verbal 
symbolism employed by Ss in the 
learning of and transfer to different 
patterns of the Schlosberg Board 
Task, and to study (a) the frequency 
distribution of these methods, (d) 
their relative learning efficiency, and 
(c) their relative transfer value when 
different patterns are learned. 


METHOD 
Subjects 


Sixty male undergraduate and graduate 
students at the University of Kentucky served 
as Ss; they were volunteers and not familiar 
with the task. 


Apparatus 


The apparatus used in the present study 
consisted of three boards constructed to the 
specifications of the so-called ‘‘Schlosberg 
Board” (Van Dusen & Schlosberg, 1948). 
Eight pairs of toggle switches were mounted 
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on boards 40 X 40 in. in size and painted dull 
black. The switches, eight “stimulus switches”’ 
and eight “‘response switches,”’ were arranged 
on each board in different geometrical pat- 
terns, as shown schematically in Fig. 1. The 
first arrangement of switches was linear and 
regular (Pattern LIN), the second arrange- 
ment was two-dimensional and regular (Pat- 
tern CIR), and the third pattern was two- 
dimensional and irregular (Pattern IRR) 
Pattern CIR was a replication of the original 
Schlosberg Board, while Patterns LIN and 
IRR were variations constructed for the 
present study. Pattern LIN was expected, 
on the basis of findings from maze studies 
(Husband, 1931 - Scott, 1930), to give rise to 
an increase in verbal symbols as compared 
with Pattern CIR, and Pattern IRR 
expected to yield an increase in motor 
learning. The stimulus switches were con- 
nected by a red line, and the starting 
switch was marked with a red cross. On all 
boards, each stimulus switch was wired to one 
and only one response switch in the following 
randomly determined order: 1-7, 2-4, 3-8, 
4-1, 5-6, 7-5, 8-3. The numbers, which were, 
of course, not visible to S, were assigned to the 
stimulus switches in the order indicated by 
the red line beginning with the starting 
switch; the response switches were numbered 
correspondingly, that is, in Patterns LIN 
and IRR, a switch received the 
same number as the stimulus switch directly 
above it; in Pattern CIR, it was given the 
same number as the stimulus switch on the 
same radius. In addition to the eight pairs 
of switches, the electrical circuit 


was 


response 


included 
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Fic. 1. The three patterns used. 
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a transformer and a buzzer. The buzzer 
sounded each time the closing of a stimulus 
switch was followed by the closing of its 
appropriate response switch The beards 
were placed on an upright easel, and S was 
seated in front of the board. A disc recorder 
was used to record S’s verbal responses during 
the rest periods following each trial. 


Design 


Twenty Ss each learned as Task I one of 
the three patterns (LIN, CIR, or IRR) toa 
criterion of two successive errorless trials 
Immediately after reaching this criterion 
of learning, they learned one of the other two 
patterns as Task II. Ten Ss were randomly 
assigned to each of six experimental groups 
Pattern LIN was learned as Task I by Groups 
1 and 2, and as Task II by Groups 3 and 5; 
Pattern CIR was learned as Task I by Groups 
3 and 4, and as Task II by Groups 2 and 6; 
Pattern IRR was learned as Task | by Groups 
5 and 6, and as Task II by Group 2 and 4. 
Therefore, each pattern was learned as Task 
| by 20 Ss, and as Task II by 20 different Ss; 
for each pattern of Task II, 10 Ss had pre- 
viously learned one different pattern, and the 
other 10 Ss had previously learned another 
different pattern 


Procedure 


Che instructions directed S to turn on the 
starting switch, located on the red line and 
marked with a cross, and then to try to match 
this switch by a switch not located on the 
line. If had been correct, a 
buzzer Whether or not the 
buzzer sounded, S was to proceed to the next 


the pairing 
would sound 
switch along the red line, and to attempt to 
match this switch correctly He had to 
continue along the line until he had attempted 
to match all eight stimulus switches 
eight pairings constituted one trial 
each trial, S was told how many 

had taken to go through the series. 
trials, S turned his back 
rested for 30 sec. 


These 
After 
seconds he 

Between 
to the board and 
During the rest periods, he 
was asked to comment on “the methods he 
used to learn and remember the task.”” A 
relatively free 
used to 
information 


questioning procedure 
maximum of 
from S, without exerting an 
undue pressure on him, and without asking 
leading questions 


was 


obtain a classifiable 


Classification of Ss’ Verbal Reports 


The transcribed records of Ss’ verbal re- 
sponses were classified into four categories, 
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based on the kind of verbal symbolism used 
to identify the individual switches The 
following categories were employed: (a 
(Method C), (6) verbal 
spatial designation (Method D), (c) reference 
to movement patterns and directions (Method 
M), and d 
(Method \ was based 
on the predominant method used by S during 
the main period of each task; that is, exclud- 
ing the first and last trials 
trials, 


num- 
bering or counting 


visual 
The classification 


reference to images 


During the first 
Ss were often not yet able to comment 
definite method; during the 
performance tended to have be- 


automatic, 


clearly on any 
last trials, 


come 


some Ss made 


and com- 
ments resembling references to movements, 
although they had actually 


learn new 


used a different 
method to combinations rhe 
include cate- 
The 
which method is “predomi- 
admittedly 


present classification does not 


gories for so-called “mixed method 
decision about 


nant” entails a degree 
of arbitrariness on the part of E; to minimize 
this effect, the 


rated by i 


certain 


records were independently 
judge.” The 


between the 


original 
judges was 80°]; 
after a common detailed review of all records, 
the judges agreed on all but one protocol 
The following rules for 
ipplied : 


second 


agreement 


classification were 
Vethod C rhe 
both the stimulus and the response switches 
by numbers, usually by cardinal numbers. 
Example: S says or reports saying to himself 


Counting S designates 


“1 goes with 7,” or “1-7.” This numbering 
has to be applied to the entire 


switches on at least one trial 


series of 
Verbal Method D) 

The S designates switches by describing their 
spatial location on the board. Example: “The 
lower-lower right-hand switch on the inner 
circle goes with the upper-upper left-hand 
switch on the outer circle.” The stimulus 
switches may be 


spatial designation 


designated by numbers, 
usually by ordinal number 

Method M) The S 
response switches not by 
uniquely determining specific verbal symbols, 


\fovement patterns 


designates the 
but refers to them more vaguely in direc- 
tional terms, frequently supporting his words 
by pointing at the (imagined) items Ex- 
ample: “This one goes up here, then back to 
the center, then down there."” The stimulus 


switches may be designated by ordinal 


numbers. 


Walter Reed 
Washington, 


2 Jacqueline Goodnow ol 
Army Institute of 


D.C. 


Research, 
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Visualization (Method V).—The S 
not designate the response switches at all, 
but comments on the building up of a so- 


called “visual image.” 


does 


RESULTS 
Difficulty of the Three Patterns 


It was found that Patterns LIN 
and IRR did not differ from Pattern 
CIR (the original Schlosberg Board) 
with respect to learning difficulty as 
measured in terms of trials to cri- 
total time to criterion, or 
rate of learning expressed as trials 
to successive criteria (Melton, 1936). 
All patterns were learned with a 
grand mean of 23 trials as Task | 
and a grand mean of 15 trials as 
Task II. The conditions used in the 
present experiment (distributed, un- 
paced learning; 30-sec. rest periods 
between trials) apparently facilitated 
learning as compared with those in the 
Neumann and Ammons study (1958) 
which required 40 trials with paced 
learning and 1-min. rest periods, or 
with the conditions of Van Dusen and 
Schlosberg (1948) where learning was 
continuous and accompanied by the 
enunciation of nonsense syllables, 
yielding a mean of 31 trials. 


terion, 


Frequency of Methods of Learning 


It can be seen from Table 1 that in 
both Task I and Task II, Methods C 
and M were more frequently used 
than Methods V and D. Chi square 
tests, based on an expected frequency 
of N/4, showed that the frequencies 
for the four methods deviated from 
chance; for Task I, the difference was 
significant at the 1% level, and for 
Task II at the 5% level. More Ss 
used Method C in Task II than in 
Task I, and fewer Ss used Method M 
in Task II than in Task I. These 
changes did not, however, make the 
distribution of methods in Task II 
significantly different from Task I, 
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rABLE 1 


FREQUENCIES OF METHODS OF LEARNING USED WITH THI 


THREE PATTERNS 


IN Tasks I AND II 


Methods in Task I 
Patter 


Counting) Motor | Visual 


LI Near 
CiRcular 
IRRegular 


as was determined by 
test. 

Within each task, the choice of a 
method was influenced by the geomet- 
rical arrangement of the three pat- 
terns. Considering the data for the 
more important and predictable Meth- 
ods C and M, it can be seen from 
Table 1 that Method C was used most 
frequently in Pattern LIN and less 
frequently in Patterns CIR and IRR. 
The frequency at which Method M 
was used, however, increased sys- 
tematically from Pattern LIN to 
Pattern CIR, and from Pattern CIR 
to Pattern IRR. In other words, 
Pattern LIN was found to be con- 
ducive to Method C, and Pattern 
IRR was found to be conducive to 
Method M. This result is in agree- 
ment with expectation based on the 
findings from mazes (Husband, 1931; 
Scott, 1930). 

Pattern CIR elicited in Task I a 
greater frequency in the use of Method 
M than in the use of Method C, but 
in Task II the Methods C and M were 
used with about equal frequency. It 
is interesting to note that in the 
previous experiment with the Schlos- 
berg Board (Neumann & Ammons, 
1958) the distribution of methods was 
more similar to the distribution of 
methods in Task I] of the present 
study than to the distribution ob- 
tained in Task I. Apparently, the 
more stressful experimental conditions 


a chi square 


D 
(Verbal Spatial) 


Methods in Task II 


Counting; Motor | Visual 


D 
(Verbal Spatial) 


11 7 : 3 
7 j 2 
6 | 


in the previous study, such as pacing 
by a metronome, and the longer rest 
periods between trials, prompted more 
Ss to adopt the more precise numerical 
method early in the learning process, 
whereas the less stressful conditions 
in the present study and the shorter 
rest periods were more conducive to 
the use of the more direct and “‘primi- 
tive’’ Method M during Task I; only 
the greater familiarity with the experi- 
ment in Task II enabled Ss to use 
Method C more often. 

The difference in frequency of 
methods was found by means of chi 
square tests to be significant at the 1% 
level for the three patterns in Task I, 
and at the 5% level for the three 
patterns in Task II. In Task I, 
Pattern LIN differed significantly at 
the 1% level from Patterns CIR and 
IRR with respect to the frequency of 
methods, but these differences were 
not significant in Task II. 


Consistency in Method 


Analysis of the methods chosen by 
each S in Task I and Task II indi- 
cated the existence of two further 
tendencies beyond the general shift 
toward Method C in Task II: (a) 
a tendency for consistency of method, 
regardless of the fact that a different 
method might be more adequate for 
the different pattern in Task II, and 
(6) a tendency to employ a method 
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more appropriate to the geometrical 
nature of the pattern in Task II. 
Inspection of Table 2 shows that the 
tendency for consistency is the stronger 
one; 35 out of 60 Ss used the same 
method in both tasks. This con- 
cordance was found to be significant 
at the 1% level by means of a z score 
based on the comparison of obtained 
frequencies in the diagonal cells with 
frequencies expected to be in the 
diagonal cells of the table; the expec- 
tation of what method would be used 
in Task II was based on the informa- 
tion about what method each S had 
used in Task I. 
Evidence for the weaker tendency, 
namely, to adopt a more adequate 
method in Task I], can be seen in the 
fact that all of the 11 changes in 
method from Task | to Task II which 
involved Methods C and M, took 
place in the predicted direction. 
When the Ss were shifted from Pat- 
terns CIR or IRR to Pattern LIN, 
8 Ss changed their method from M 
to C;: when shifted from Pattern LIN 
to Pattern IRR, 3 Ss changed from 
Method C to Method M. Nochanges 
involving Methods C and M occurred 
between Patterns CIR and IRR, 
which were both relatively conducive 
to motor learning, or from Pattern 
LIN to Pattern CIR. Apparently, 
having used the counting method 


TABLE 2 


FREQUENCIES OF METHODS USED BY THE 
SaME Ss 1n TASK I AND TASK II FoR 
ALL ConpiTIONS COMBINED 


Task II 
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appropriate to Pattern LIN first, 
made its use easier for Task II. But 
when two patterns were more dras- 
tically different, such as Patterns LIN 
and IRR, changes were more likely 
to occur. 


the 


Relative Learning Efficiency 
Methods Employed 


of 


The use of any particular method 
of learning employed in Task | of the 
present study was not associated with 
greater learning efficiency than the 
use of the other methods. 

The mean number trials to 
criterion differed very little as a func- 
tion of the method employed by S. 
The means were 22.1 trials for Method 
C, 23.3 trials for Method M, 24.2 
trials for Method V, and 25.8 trials 
for Method D. A _ Kruskal-Wallis 
test for mean trials to criterion for 
the four methods, regardless of pat- 
tern, failed to indicate a significant 
difference between methods. 
nificant difference 
means of the same test, when the 
means for trials to criterion were 
compared for the methods within 
each pattern. 

The mean total time required to 
learn Task I to criterion was 761 
sec.; no significant difference was 
shown by Kruskal-Wallis tests to 
exist between methods regardless of 
pattern or between methods within 
patterns. 

Curves representing the rate of 
learning plotted in terms of trials or 
time to criterion (Melton, 1936) 
showed a very similar time course for 
the four methods of learning; par- 
ticularly, the curves for Methods C 
and M run very close to one another. 
The learning curve for Pattern LIN 
is shown as a sample in Fig. 2. 

The results justify the conclusion 
that, for the first learning of this 
serial motor task, learning was not 


of 


No sig- 
was found, by 
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SUCCESSIVE CRITERIA 





Trials to successive criteria on Task I, 
Pattern LIN. 


facilitated by the use of verbal or 
numerical cues. This finding ap- 
parently contradicts the generality of 
the ‘verbal hypothesis” (Battig, 1954) 
which states the expected superiority 
of verbal cues for the learning of 
motor tasks. 


Transfer Effects 


The Ss who had used Method C in 
Task | performed better on the first 
trials of Task II than Ss who had 
used the other three methods in Task 
I. The Ss who had used Method C 
in Task I achieved means of 4.0 
correct responses on the first transfer 
trial and 14.1 correct responses on the 
first three transfer trials combined, 
as compared with the respective 
means of 1.5 and 6.2 correct responses 
in Task I] resulting from the use of 
the other three methods in Task | 


combined. These differences were 


found, by means of an analysis of 
variance, to be significant at the 1% 
level. 


This result is in agreement with the 
theoretical consideration that the use 
of Method C would lead to the 
recognition of the same numerical 
relationship between the stimulus and 
response switches in Task | and Task 
Il, and would therefore be associated 
with the performance on the 
early transfer trials. 

In terms of trials required to learn 
Task II to criterion as well as in terms 


best 


of difference scores derived by sub- 
tracting the number of trials to 
criterion in Task I] from the trials 
in Task I, learning of Task II was 
considerably facilitated by the pre- 
ceding use of verbal as well as of 
numerical cues in Task |. The Ss 
who had used Method C required a 
mean of 10.6 trials to learn Task I] 
to criterion, and Ss who had used 
Method D in Task | took 12.8 trials 
to learn Task I]. After using Meth- 
ods M and V in Task J, 16.2 and 22.3 
trials, respectively, were necessary to 
learn Task I]. The differences among 
the means were found by means of the 
Kruskal-Wallis test to be significant 
at the 5% level; when the combined 
effects of Methods C and D were 
contrasted by the same test with the 
combined effects of Methods M and 
V, the difference was significant at the 
1% level. 

The difference scores as a function 
of the method in Task I were 
as follows: 14.0 trials were saved in 
Task II after the use of Method C 
and 11.8 trials after the use of Method 
D, whereas Method M yielded only a 
saving of 5.7 trials and Method V a 
saving of 2.8 trials. The differences 
among the mean difference 
were found, by means of the Kruskal- 
Wallis test, to be significant at the 
1% level. 

While it was expected that the 
previous use of Method C would 
facilitate the learning of Task II, the 


used 


scores 
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Method D was 
Method D appeared 
to be rather circumstantial and awk- 


facilitating effect of 
quite surprising. 


ward, and seemed rather uneconom- 
the learning Task II. 
Apparently the great precision of this 
method more useful with 
greater familiarity with the experi- 
mental situation. 


ical for ol 


became 


It can be concluded 
from the transfer data in the present 
study that the learning of the second 
pattern (Task I1) is greatly facilitated 
by the preceding use of the numerical 
or verbal method in Task I. 


] disc USSION 


he results of the study ol 
viously represent some contradiction to 
“verbal hypothesis” (Battig, 1954 
well as to Warden's (1924) principle of 


the superiority of verbalization for maze 


present 


a> 


learning. The present task was learned 
equally well by numbering, verbal spatial 
designation of items, references to move- 
should be 
noted that previous Es such as Warden 
(1924) and Husband (1931) failed to dif 


ferentiate between numerical and purely 


ments, and visualization It 


verbal cues, whereas important differ- 
ences can be found if the effects of these 
methods on particular phases of the 
learning process are examined. 

3rogden may have considered mainly 
single-response or continuous motor tasks, 
fall in the 
How 


multiple response 


and these may very well 


domain of the principle stated 
for 
motor tasks, it seems very doubtful that 


ever, serial or 


this principle holds without qualification 


he results of the present study should 
too 
for all 
more research 1s 
the 
from particular kinds of motor tasks 
all motor tasks 
The generality of the principle seems 
to be light of 
the in those 


theoretical 
tasks; it 
to 


caution against early 
generalizations 
that 


determine 


motor 
seems needed 
laws 


to 


generalizability of 


also questionable in the 
finding that 
Ss 


present even 


cases in which choose a method 


for a given 
of that 


presumably most adequate 


geometrical pattern, the 


use 
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method was not associated with greater 
ease of learning the pattern. 

of verbalization 
transfer in the present study should also 
not be taken as evidence for the prin 


The superiority for 


ciple ; it might very well be a consequence 
of the particular this 
experiment. Verbalization probably was 


conditions in 


more helpful in detecting the “identical 
the 
between 


element,”” namely, same numerical 


connection stimulus and re 
sponse switches in both tasks, whereas 
the to 
sponses or the visual image of the correct 


atch”’ 


movements leading correct re- 
solution had to be learned ‘‘from s« 


in Task II methods 


complete verbalization were used 


when other than 


SUMMARY 


This experiment was designed to test the 
hypothesis that the use of 
tates the 
gated the 


tion in the 


verbal cues facili 


learning of motor tasks. It investi 
role of different kinds of verbaliza 
learning and transfer of a paired- 
the so-called 
60 Ss learned 


motor task, 

Task The 
out of three different 
nts of the task reported 
method of learning methods of 
ing were distinguished: Method C 
Method D ! 
Method M 


\ (visual image 


serial 
Schlosberg Board 
two 


associat 
spatial arrange 
their 
learn- 


me and on 
Four 
counting 
verbal spatia! designation 


Method 


nature 


relecences and 


The 


of a pattern influenced the ciivice of a method 


motor 


georietrical 


The use of verbalization did not 
learning of the task, 
facilitated by 


1 learning 
facilitate the 
but transfer 


original 
was considerably 


the use of verbal cues 
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rather remarkable 
successes of statistical learning theory 
models for two-choice probability 
learning situations (Burke, Estes, & 
Hellyer, 1954; Estes & Straughan, 
1954; Schoeffler, 1954), it has become 
apparent that there is much in Ss’ 
behavior in this situation which is not 
accounted for by the models. The 
best known discrepancy is the ‘‘gam- 
bler’s fallacy,’”’ or negative recency 
effect, the term applied to the decrease 
in predictions of a given event over 
the later part of a run of consecutive 
occurrences of that event. This 
phenomenon, first reported formally 
by Jarvik (1951), has been studied 
more extensively by Nicks (1959) and 
by Anderson (1960). The latter 
report made a detailed investigation 
of sequential dependencies and found 
other discrepancies between the mod- 
els and the behavior. It was therefore 
suggested that the observed agree- 
ment with the event “matching” 
behavior predicted by the models 
does not confirm the theoretical as- 
sumptions made in the models since 
this agreement apparently results 
from an averaging out of sequential 
increments and decrements in re- 
sponse probability which not 
accounted for by the models. 

The present experiment had two 


Despite some 
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purposes: first, to continue the para- 
metric study of sequential dependen- 
cies, and second, to explore the use 
of another response measure which 
might be more revealing than fre- 
quency of predictions. To accomplish 


these ends, Ss were asked not only to 
predict one of two events, but at the 
same time to indicate the likelihood 
of the event predicted. 


METHOD 


Subjects.—The Ss were 54 student nurses 
from the Grace-New Haven hospital and the 
Yale School of Nursing. Each received $1.50 
for her services 

Apparatus and procedure.—The Ss, who 
were tested individually, were seated in front 
of a 4 X 3-ft. Masonite panel mounted on a 
desk. The panel contained a 16}4-in. row of 
11 equally spaced 4-in. holes approximately 
10 in. above the base. A shielded signal light 
was located 6 in. above the row of holes, and 
a 6-w. opal lamp, the reinforcing stimulus, 
was placed 2 in. from either end of the row of 
holes. The S indicated her response by 
placing a pointed plastic stylus in one of the 
11 holes according to the instructions de- 
scribed below. The E sat behind the panel, 
recorded S's responses, and flashed the 
appropriate reinforcing light on each trial 

The trial duration, 10 sec., was controlled 
by a synchronous motor and cam which lit 
the signal light for 2 sec. during which time S 
was to make her response. Approximately 
1 sec. after the signal light went off, E flashed 
the scheduled reinforcing light for about 1 sec. 
Che S was instructed to leave the stylus in 
the hole until the reinforcing light had 
flashed 

Each of the 11 response holes in the board 
was labeled on S's side. The center hole 
was labeled Equally Likely. Extending out- 
ward in both directions from the center hole 
the labels read Slightly More Likely, Some- 
what More Likely, Quite a Bit More Likely, 
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Very Much More Likely, and Almost Certain, 
the last being the label over the two end holes 
Each S was read instructions which stated 
that the task had two parts. The first part 
was to predict which light would come on 
next, and it was emphasized that all of the 
five holes on the side of the predicted light 
were equivalent in this respect. The second 
and more important part of the task was to 
indicate at the same time how likely it was 
that the predicted light would come on by 
choosing the hole with the appropriate label. 
The center hole, of course, was to be used 
when it was thought that neither light was 
more likely to flash than the other. In addi- 
tion, S was told that the way the lights came 
on was in part a matter of chance so that it 
was not possible to be correct on every trial, 
but that it 
practice. 


was possible to improve with 


Eight practice trials, on which both rein- 
forcing lights were flashed, were then given 
The S was then asked to repeat the directions 
and give the meaning of the possible re- 
sponses. Following this there were 350 trials 
without conversation or interruption 

Design.—I\n the three main reinforcement 
conditions the frequencies of the two rein- 
forcing lights were 50:50, 65:35, and 80:20 
Within each of these conditions, an orthogonal 
2X 2X3 design was formed with two Es, 
two positions (right and left) of the more 
frequent light, and three random sequences 
of reinforcing lights as factors. The first 50 
trials of each sequence were random, subject 
to balancing according to the specified fre- 
quencies. Three 100-trial blocks were also 
constructed for each of the three frequency 
conditions using 
for each 


a similar balancing restric- 
100-trial block. Within each 
condition of the three-way design, these three 
blocks were used in a 3 X 3 latin square 
arrangement such that each row of the 
square formed the last 300 trials of one of 
the sequences in that condition 

It will be noted that with such extensive 
counterbalancing, there would be very few 
error degrees of freedom within a given 
condition. However, on the basis of previous 
experience (Anderson, 1960; Anderson & 
Grant, 1957), it decided that certain 
interactions, mostly those involving position, 
would be negligible. 
not evaluated but instead were automatically 
pooled with the error term This a priori 
pooling procedure has certain dangers but, 
when it is based on reasonable evidence, it is 
probably 


tion 


was 


These interactions were 


preferable to a posteriori pooling 
on the basis of nonsignificant Fs. In any 
case, this technique of pooling is superior to 
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randomizing the 
balanced 


effects of the 
variables as well as to 
without evaluation of 
main effects. 


counter- 
counter- 


balancing even the 


RESULTS 


For purposes of analysis, the re- 
sponse holes were numbered from +1 
to +5 on the preferred (E;) side of 
the response panel, and from —1 to 
—5 on the nonpreferred (E:) side. 
The center hole was numbered 0. 
The right-hand side was arbitrarily 
taken as the preferred side for Group 
50. For the other two groups the 
preferred side was the side of the 
more frequently occurring reinforcing 
light, E,. Two main dependent 
variables considered. <A _ fre- 
quency score was obtained by adding 
to the number of E; responses one- 
half the number of center hole re- 
sponses. A magnitude 
obtained by taking the algebraic 
mean of the likelihood ratings, using 
the above numbering system, with 
due regard to sign. 

Frequency scores. 


were 


score Was 


Mean frequen- 
cies of the 11 responses over trials 
251-350 are shown in Fig. 1. The 
regular ordering of the three groups 
on the nonpreferred side is as would 
be expected; Group 80 makes fewer 
responses on this side than Group 
65, etc. However, on the preferred 
side the only marked difference be- 
tween groups is in the +5 response 
frequency. In the middle, the ex- 
treme dip indicates that the center 


hole was chosen quite infrequently. 
Surprisingly, there is little difference 
between groups in 


this respect. Fi- 
nally, it should be noted that Groups 
65 and 80 show a U-shaped distribu- 
tion of preferred side responses, the 
+2, +3, and +4 responses all being 
less frequent than the +1 or +5 re- 
sponses. This result was unexpected 
as it had been thought that the curves 
would either be monotone or resemble 
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RESPONSE FREQUENCIES: TRIALS 251-350 











$ 43 2 i 
PREFERRED SIDE 


RESPONSE MAGNITUDE 


Fic. 1. Mean frequencies of the 11 re 
sponse categories for the three reinforcement 
schedules over Trials 251-350. Preferred side 
responses are predictions of the more frequent 


light, E, 


an inverted U. A post hoc analysis 
of the +1 and +2 response data for 
these two groups, ignoring the other 
factors in the design, indicated that 
+2 responses were significantly less 
frequent than +1 responses (F = 5.06, 
df = 1/34). 

In order to 
results with 


compare 
those 


the present 
obtained in the 
standard two-choice probability learn- 
ing situation, the frequency scores 
are given in Table 1a as a function of 
groups and trials. The analysis in 
Table 2 shows that both of these 
variables had a significant effect. 
Since Group 50, as would be expected, 
changed little over trials, there should 
be a differential trend over trials for 
the three groups. The most sensitive 
for this differential trend is the 
Linear X Linear component of the 
T X G interaction, and this is seen 
to be significant, although the over-all 
interaction is not. The mean fre- 
quency trials 251-350 


test 


scores over 
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were not significantly different from 
the “matching” behavior predictions 
of 50, 65, and 80% for the three re- 
spective Groups. To this extent, at 
least, the present technique yields 
data comparable to those obtained 
when only two choices are permitted. 

Magnitude scores——There are sev- 
eral ways to treat the likelihood 
judgment data. Table 1b shows the 
response magnitudes averaged over 
just those trials on which a preferred 
side response was made. These data 
are thus “corrected’’ for response 
frequency. The analysis of these data, 
given in Table 2, parallels the analysis 
of the frequency scores. Similar trends 


TABLE 1 


FREQUENCY SCORES AND LIKELIHOOD 
JUDGMENTS AS A FUNCTION OF 
TRIALS AND Groups 


Trials 
Group 


51-150 151-250 


a. Frequency Scores 


Jl 
7 
7 


b. Likelihood Judgments: Preferred 
Side Responses 


50 6 
65 .86 
80 3.01 


2 
) 


c. Likelihood Judgments Disregardiny 
Sign: All Trials 


41 
76 


86 
d. Magnitude Scores 


50 0.01 
65 0.70 
80 1.79 


0.10 
1.07 
2.18 


Note.—See text for definition of scores 
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TABLE 2 


ANALYSIS OF VARIANCE OF TOTAL FREQUENCY 
Scores (TABLE la) AND OF MEAN 
“CORRECTED” LIKELIHOOD 
Scores (TABLE 1b): 

TrIAcs 251-350 


F Ratios 


Frequency | Magnitude 


Between 
Groups 100.36* 
Es 21 
Position | 86 
GXKE . 
G XP 06 | 
Sequences (pooled) 
Error (b) 


> 
20 
7. 


w= 


lene aan 


| ewainwa 


ae 
(100.51) 


j= 


Within 


a) 
* 


ah ewe ad 
> 


—-DUsocrne~d 


7: linear X linear 
P 


seu 


: pooled) 
B X P (pooled) 
Square residual (pooled) 
Error (w) 


RBADANNK SN 
--w& 


cow 


~ 
ow 


Note.—Error mean squares in parentheses. 
*P < .0S. 


are found when response magnitudes, 
disregarding sign, are averaged over 
each set of 100 trials as shown in 
Table ic. Finally, the entries in 
Table 1d are the mean magnitude 
scores computed with due regard to 
sign as defined above. The trends 
over trials and groups reflect changes 
in response frequency as well as in the 
size of the likelihood judgments so 
that the differences are more marked 
than in Tables 1b and ic. These 
magnitude scores should thus give 
maximal sensitivity to the effects 
of the experimental variables, al- 
though they were not analyzed here. 

Sequential dependencies.—The main 
results of the experiment are the 
subsequence curves, i.e., the succes- 
sive responses given during the course 
of some designated type of subse- 
quence of reinforcing lights. Previous 
results suggested that the most in- 
formative of the subsequence curves 
would be the run and alternation 


curves, and these examined 
here. 

To construct the run curves, each 
100-trial block was examined for 
subsequences of E,s which were of 
length at least four for Group 50, 
five for Group 65, and seven for 
Group 80. Five such runs were 
were chosen at random from each of 
the three blocks in each group, 
there having been at least five in 
each block. The method of con- 
struction of the run curve will be 
illustrated for the magnitude scores 
for Group 65. For each 100-trial 
block, each S had five ordered sub- 
sequences of (consecutive) responses 
corresponding to the five occurrences 
of the subsequence of reinforcing 
lights, E,E,E,E,E,E,;. The first re- 
sponse used followed the E: occur- 
rence and, hence, immediately pre- 
ceded the first E,; occurrence. The 
second, third, etc., responses in the 
subsequence followed the first, second, 
etc., occurrences of E;. The five 
ordered subsequences of responses 
were next summed, separately for 
each ordinal position in the subse- 
quence, to yield a single ordered 
subsequence for each S for each block. 
These summed subsequences were the 
unit data in the statistical analysis. 
The procedure for the magnitude 
scores for the other groups, and for 
the frequency scores was identical. 

The resulting run curves, divided 
by five to give trial means, are shown 
in Fig. 2. The curves in the three 
successive panels for each group are 
based on comparable stimuli because 
of the latin square arrangement of 
the 100-trial blocks used in the 
sequences. The frequency and mag- 
nitude curves are quite similar in 
shape. In every case the curve rises 
over the early trials of the run, 
showing a positive effect of the rein- 
forcing stimulus. In every case there 


were 
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is a downward trend over the later 
trials which demonstrates the “‘gam- 
bler’s fallacy,”” or negative recency 
effect. The curves are flatter and 
peak later in the subsequence for the 
more extreme reinforcing schedules. 
In addition, there is some tendency 
for the peaks of the curves to appear 
later in the subsequence in the later 
trials for Groups 65 and 80. 

On the basis of previous data, the 
a priori decision was made to test for 
the negative recency effect by com- 
paring the responses at abscissa values 
2 and 4 for Group 50 and at abscissa 
values 3 and 5 for Group 65. The 
resulting analyses are thus split-plot, 
or mixed, Lindquist, 
1953; Type IV and VI designs), and 
are given in Table 3. 


designs (see 


For the most 


part, the analyses of frequency and 
magnitude yield comparable results 
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and no distinction between them will 
be made in what follows. However, 
it should be noted that the significant 
F ratios tend to be larger for the 
magnitude scores. This sugpests that 
the power of tests based on magnitude 
scores will be greater than for tests 
using frequency scores or, in other 
words, that the magnitude score is 
the more sensitive to the effects ol 
the experimental variables. 

The F ratios for Ordinal Position in 
Run show that the responses being 
compared are in each case significantly 
different, and hence that there is a 
real negative recency effect. The 
significant Trials effect for Group 65 
merely indicates that the latter half 
of the run curve is higher in the later 
trials for this condition. 

It had been planned to treat the 
Group 80 run curves in the same 





TRIALS 5! - 150 


TRIALS 1Si- 250 


TRIALS 25) - 300 
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Run curves for frequency and magnitude scores as a function of 


reinforcement schedule and trials. 
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TABLE 3 


ANALYSIS OF VARIANCE OF SELECTED PoINTs ON RuN CuRVES 


Group 50 
Source 


Freq. Magn. 


Between Ss 
Mean 
Es 75 1.8 
Position .68 Jl 
Sequences .60 a 
Error (b) i (4.92) 2 


2 
1 
3 
(180.25) 


1.96 2.46 
.79 .80 
.26 
oJ 
18 
-41) 


NR NN bd be 


Square residual 
Error, (w) 
Ordinal position 
in run 

OX P 

OXxXE 

Errors (w) 
OxB 

Ox T 

Error; (w) 


Nm 
~ 


5.70* 
3.42 
05 
.66) 
.60 ‘ 
94 .20 
(0.50) (27.94) 


NrWwNNYUe ee 


w 


Note. 
. P < 0 


way as those for Group 65, but this 
test yielded a nonsignificant recency 
effect as can be seen in Fig. 2. There- 
fore, a post hoc analysis was made 
of the difference between the re- 
sponses at abscissa values 5 and 7; 
it is summarized in Table 3. Since 
a difference score was used, the Fs 
for Mean test the negative recency 
effect, and the Fs for Blocks indicate 
that the size of the effect varied from 
block to block. 

In addition to these effects, some 
variables of lesser interest require 
comment. The Fs for E (Table 3), 
although not significant, are large 
enough to suggest that the procedure 
may not have been sufficiently stand- 
ardized. The Block effect for Group 
65 means that the height of the latter 
part of the run curves varied over 
the three 100-trial blocks. For this 


same group, the Ordinal Position 


Group 65 Group 80 


Freq Magn Magn. 


13.38* 

2.31 3.28 
.68 
1.78 
(97.66) 


wan ws O 
— 3h <3 


cow 
~“Iwwne uo 
* 


_ 


Cell entries are Fs except for error mean squares in parentheses 
5 


X Block interaction indicates that 
the size of the recency effect also 
varies over blocks. The significant 
Square Residual for Group 65 is not 
unambiguously interpretable (Grant, 
1948). However, inspection of the 
data suggested that it arose from a 
B X T interaction. These last three 
results need further investigation be- 
cause they indicate that the responses 
during a run are affected by practice 
and by the particular sequences of 
reinforcing stimuli. The significance 
of the O X P interaction for Group 50 
was not expected. It is not consistent 
with the nonsignificance of Position 
in the present and previous data, 
nor with the lack of an O X P effect 
for Group 65 and may, therefore, be 
only a Type I error. 

There were four runs of the /ess 
frequent light for Group 65 over 
Trials 51-350 which were of length 
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at least four. The data from these 
runs yielded means, comparable to 
the first five points of the Group 65 
curves of Fig. 2, of 2.1, —0.1, —1.1, 
—1.0, —0.9 for magnitude, and 68, 
44, 37, 37, 37 for frequency. The 
shapes of these curves, when reflected 
about the chance level, are not 
dissimilar to the Fig. 2 curves for the 
more frequent light although the 
over-all elevation However, 
it should be noted that they show 
little or no negative recency effect. 
Data analogous to the run curves 
which embodied 
alternations are given in Table 4. 
The entries are trial means based on 
Trials 51-350 of 
subsequences of the alternation type 
as specified in the table. There were 
18 such instances for Group 50, and 
8 for Group 65. The data show an 
extreme shift in response following 
the first occurrence of the less frequent 
light, Es, and a consistently smaller 


is less. 


for subsequences 


all instances over 


shift following the second E, occur- 
rence. The frequency scores follow- 
ing the first and second occurrences 
of Es, were significantly different 
(F = 7.72 and 8.95, df = 1/17, for 
Groups 50 and 65, respectively). 
Since the response following the 
second E, is not greater than 50%, 
the data of Table 4 do not unequivo- 
cally demonstrate the pattern of 
alternation behavior found by Ander- 
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son (1960), and so are perhaps more 
in accord with the results of Nicks 
(1959). Although there are a number 
of procedural differences in the three 
experiments, it may be suggested that 
alternation responding is controlled 
in part by the degree of perceptual 
“isolation” of the reinforcing stimuli. 
The stimulus display was several feet 
in front of S in the one experiment 
which found alternation behavior 
whereas it was quite close to § in the 
other two experiments. This 
the 

relative 


con- 


jecture is consistent with con- 


trasting results regarding 
difficulty of learning pure alternation 
and pure repetition sequences as 
found by Goodnow and Pettigrew 


1956) and by Anderson (1960). 


DISCUSSION 


Empirical results—The most easily 
described characteristic of the shape of 
the run curves is the trial at which they 
peak. In this respect, the present data 
differ from those of Estes (1957) and 
Nicks (1959). In Nicks’ data, the peaks 
after the first E, for a 50:50 
condition, one trial earlier than for the 
present data. For Nicks’ 67:33 and 
75:25 conditions, the peaks occur after 
the second E,; which is again an earlier 
peak than is seen in the roughly com- 
parable 65:35 and 80:20 conditions used 
here. The most likely source of this 
discrepancy appeared to be the greater 


occur 


rABLE 4 


SUBSEQUENCE CURVES FOR ALTERNATION SUBSEQUENCES 


Stimulus Preceding Tabulated Response 


Group and Meast 


Group 50 
Frequency 
Magnitude 


Group 65 
Frequency 
Magnitude 
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number of overt responses allowed in 
this experiment. To test this, the 
present run curve procedure was used 
on the Group 50 data of Anderson (1960) 
in which the standard two-response 
technique was used. The resulting run 
curve, based on data of 40 Ss over Trials 
51-350, was 38, 55, 68, 67, 58, where 
successive entries are to be compared to 
successive points of the Group 50 fre- 
quency curves of Fig. 2. This curve 
peaks at the same place in the subse- 
quence but show as great a 
decline on the two following trials as the 
Fig. 2 curves. The source of the dis- 
crepancy between the present data and 
those of Nicks thus remains unclear. 
No peak was found in Estes’ data, a 
result which may be due to the small N, 
or to the fact that only runs of length 
three were considered and these 
averaged over a number of different 
reinforcement schedules. However, it 
should also be realized that there may 
be no negative recency effect when, as 
was the case in Estes’ experiment, 
consecutive short blocks of trials em- 
body different reinforcing schedules and 
when the sequences are completely 
random rather than balanced over trial 
blocks. 

Three different procedures have been 
used in constructing subsequence curves 
and a brief comment on them may help 
to avoid confusion. The procedure used 
by Anderson (1959, 1960) has been 
discussed in the latter report. It need 
only be mentioned here that it will be 
most useful for estimating parameters 
or testing goodness of fit, but that it 
may give run and alternation curves 
of different shapes than the other 
methods. In Nicks’ (1959) procedure, 
the subsequence E,E,E,E,E,E; contrib- 
utes to each of the first six points of the 
curve (Nicks does not actually plot the 
response following the E.). However, 
the subsequence E2E,E,E,E:2 contributes 
to just the first four points of the same 
curve. 


does not 


were 


Consequently, successive points 
on the curves are based on progressively 
less data, and so are progressively less 
reliable. This procedure may be useful 
when data are scarce, but the results are 
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difficult to handle statistically. The 
procedure used here is apparently the 
same as that of Estes (1957) and would 
seem to be optimal for making statistical 
tests of the raw data, whether formally 
or by eye. 

As far as can be seen at present, 
obtaining likelihood judgments does not 
affect the two-choice properties of the 
task. The “matching” behavior found 
here is in agreement with classical results 
(Grant, Hake, & Hornseth, 1951), and 
the similarity of the frequency 
magnitude subsequence curves gives 
further support to this idea. It would 
thus appear that the use of likelihood 
judgments will be future 
work since a response 
measure 


and 


valuable in 
quantitative 
should be more revealing of 
S’s response tendencies than a Yes-No 
score. Nevertheless, further 
the method for obtaining 
judgments is needed. It would appear 
from Fig. 1 that the Equally Likely 
response can be omitted without injustice 
to the behavior. It is not clear, however, 
whether the modes at +1 and +5 
represent an inadequacy of the response 
scale or whether they reflect two real 
modal response tendencies, either within 
or between Ss. 

Implications.—A simple reinforcement 
theory would hold that each occurrence 
of a reinforcing stimulus results in an 
increase in response probability. As has 
been noted by previous workers, the 
negative recency effect seen in the run 
curves is with such a 
formulation. For the same reason, the 
negative recency effect is inconsistent 
with current mathematical models for 


work on 


likelihood 


inconsistent 


the two-choice probability learning situa- 


tion. Most models, excepting perhaps 
those of Burke and Estes (1957) and 
Anderson (1960), would also fail to 
predict the alternation curves in which 
the response level following the first E, 
is less than that following the second E>. 

Cognitive theories have been popular 
for the two-choice probability learning 
situation, but they appear inconsistent 
with the lack of a sharp negative recency 
effect in the run curves for the less 
frequent light for Group 65. A simple 
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expectancy point of view would pre- 
sumably explain the fact that the peaks 
occur later in the run curves of Fig. 2 
for the more extreme reinforcing sched- 
ules as resulting from expectancies for 
runs of different lengths which are 
developed by the reinforcing schedules. 
From this reasoning, it would follow 
that Ss ought to develop different 
expectancies for run lengths for the two 
lights of Group 65. Indeed, since- the 
average run of the less frequent light 
in Group 65 is shorter even than the 
average run in Group 50, the run curve 
for the less frequent light should exhibit 
a marked negative recency effect, con- 
trary to the observed result. Further 
investigation is desirable, however, since 
the amount of data involved in this result 
is relatively small. Interspersing test 
runs would yield more data, but a‘ care- 
ful design would be needed to check 
whether the test runs had modified the 
behavior. 

Hake Hyman (1953) have put 
forth the view that Ss respond to short 
stretches of the sequence of reinforcing 
lights in making their responses, and 
the results of Nicks (1959) and Anderson 
(1960) support this idea. In the latter 
report, it was suggested that the be- 
havior might be handled by mathe- 
matical models which took immediately 
preceding subsequences as the discrimi- 
native stimuli of a system of S-R rela- 
tions within the Burke-Estes (1957) 
formulation of probabilistic discrimina- 
tion learning. From a cognitive point 
S-R relations could be 
called hypotheses, strategies, expectan- 
cies, etc. when the 
resultant of 


and 


of view, these 


However, overt 


response is the several 


intervening variables or underlying re- 
sponse tendencies, a quantitative treat- 
ment is essential to an adequate theory. 


To date, cognitive approaches have not 
been provided with the required mathe- 
matical apparatus. 

As has been noted in earlier reports 
(Anderson, 1959, 1960), sequential de- 
pendencies in the sequence of stimuli 
and responses give the most direct 
indication of the action of the various 


reinforcing events. They will, therefore, 
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be generally more efficient in the descrip- 
tion and analysis of behavior than the 
learning curve. It would seem that, in 
the initial stages of investigation of 
complex S-R systems, the subsequence 
curves will be the most useful of the 
various sequential dependencies that can 
be computed. 


SUMMARY 


In order to extend previous findings con- 
cerning sequential dependencies in probability 
learning tasks, and to test the usefulness of 
another response measure, 54 student nurses 
were tested on a multiple-choice version of 
the standard two-event probability learning 
problem. The Ss not only predicted which 
one of the two reinforcing events would occur 
next, but also indicated the likelihood of the 
event predicted. 

Three main groups, which were tested on 
50:50, 65:35, and 80:20 reinforcement sched- 
ules, showed typical probability ‘“‘matching”’ 
behavior. In all further analyses, the predic- 
tions and the likelihood judgments yielded 
parallel results. It appeared that the likeli- 
hood judgments gave a more sensitive re- 
sponse measure but did not change the two- 
choice character of the task. 

The distribution of responses over the 
likelihood scale was quite regular but showed 
two peculiarities. The Equally Likely re- 
sponse was used quite infrequently but about 
equally often in all reinforcement conditions 
In addition, the distribution of responses on 
the half of the scale corresponding to the 
more frequent event was roughly U-shaped 
for the 65:35 and 80:20 conditions 

Subsequence curves for runs of a given 
reinforcing event showed the negative recency 
effect except for runs of the less frequent event 
in the 65:35 condition. The peak of the run 
curves came later in the run for the more 
extreme schedules. Subsequence curves for 
alternations in the stimulus event sequences 
were also studied. The results of the analyses 
of the subsequence curves were inconsistent 
with simple S-R and with simple expectancy 
theories. 
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WOODWORTH SCALE 


VALUES OF THE LIGHTFOOT 


PICTURES OF FACIAL EXPRESSION ! 


NISSIM LEVY 


University of Portland 


anD HAROLD SCHLOSBERG 


Brown University 


Engen, Levy, and Schlosberg (1957) 
described a new series of 48 pictures 
of facial expressions, posed by a 
talented actress, Marjorie Lightfoot. 
There has been considerable demand 
for this series for use in cross-cultural 
studies, psychiatric research, and lab- 
oratory classes.2. In 1958 the same 
authors published norms for the three 
Un- 
pleasantness, Attention-Rejection, and 


The 


basic dimensions: Pleasantness- 


Sleep- Tension. usefulness of 


these dimensions in the analysis of 


facial expressions has been demon- 
strated 1952, 1954; 
Triandis & Lambert, 1958 ; Woodworth 
& Schlosberg, 1954) but conventional 
category names, like Mirth and Anger, 
are more appropriate for some re- 
search studies. The paper 
norms in terms of the six 
the Woodworth Scale 
comparable to those published by 
1941 for the 
series. It also considers 


(Schlosberg, 


present 
presents 
categories of 
Schlosberg in Frois- 
Wittmann 


‘ Analysis of the data reported in this study 
was supported in part by USPHS Grant 
M-2779(A) 

2 The Lightfoot series has been published, 
in reduced size, in Morgan’s manual (1956) 
The Brown photo lab will supply a set of 
“jumbo” prints for approximately $5.00, or 
of a direct print of the 35-mm. negative strip, 
suitable for 2 X 2-in. slides, 
for $2.25. They also have a negative of the 
original Frois-Wittmann series, consisting of 
72 pictures, and will fill similar orders at 
about $7.50 and $4.00, respectively. Schlos- 
berg has some sets of smaller reproductions 
of the Frois-Wittmann series, which he will 
be glad to furnish for research purposes, as 
long as the supply lasts. 


mounting in 


the effects of differences in exposure 
time, sex of judges, and methods of 
calculation on these norms. 


METHOD 


The pictures were always presented by 
projecting 2 X 2-in. slides to groups of 20 to 
40 students in a laboratory section of the 
elementary course at Brown University 
Each S had a mimeographed blank, with the 
lines numbered to correspond to the 48 
pictures, and the columns labeled in terms 
of the six Woodworth categories (1. Love, 
Mirth, Happiness; 2. Surprise; 3. Fear, 
Suffering; 4. Anger, Determination; 5. Dis 
gust; 6. Contempt). The numbers used to 
identify the pictures were those that were 
originally assigned at random, and appeared 
on the projected pictures. There was enough 
light in the room to permit each student to 
record his judgment by a check in the appro- 
priate column, but the dim light did not ob- 
scure the brilliance and clarity of the pro- 
jected pictures. Other details of the basic 
method will be found in Engen, Levy, and 
Schlosberg (1958). 


RESULTS 


Table 1 presents the distribution of 
judgments from 390 Ss together with 
the mean and average deviation for 
each of the 48 pictures. There were 
234 men and 156 women in the group. 

The mean and AD values refer to a 
circular scale, divided into six equal 
steps numbered seriatim as listed 
under Method. Thus, Picture 1 had 
a mean of 1.00, which places it 
exactly in the center of the Love, 
Mirth, Happiness step, and its very 
small AD shows that almost nobody 
assigned it to any other category. 
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TABLE 1 


[HE DISTRIBUTION OF 48 PicrURES OF FACIAL EXPRESSIONS IN THE SIX 
CATEGORIES OF THE WOODWORTH SCALE 
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The scale values were computed 
by the method described by Schlos- 
berg (1941), which avoids the com- 
plications introduced by a circular 
scale through the expedient of rotating 
the scale so that the modal category 
has a value of either 3.00 or 4.00 
during calculation, and then adding 
the appropriate correction factor to 
bring the mean back to its proper 
place on the original scale. 


At the suggestion of Harris Savin, who was 
assisting in one of the laboratory sections, 
a more elegant treatment was attempted. 
Each judgment is treated as a vector of 
magnitude 1 and angle @; averaging is carried 
out in terms of appropriate values of sines 
and cosines, and the result is converted back 
to the conventional circular value. 
When the 48 means were recalculated by this 
cumbersome method, there were no important 
shifts; 38 of the new means fell +0.1 scale 
step from the values in Table 1, 9 others 
differed by +0.2, and 1 picture (No. 8) 
differed by 0.6 step. This particular picture, 
Strain, had the highest AD of the 


scale 


series, 
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and actually had two modes on opposite 
sides of the circle; one cluster of judgments 
fell in Step 1 (Love, Mirth, Happiness) and 
the other in Step 4 (Anger, Determination) 
For such a picture any method of calculating 
a mean is unsatisfactory. 


Sex and sample differences.—The 
norms given above were on a mixed 
population gathered over two con- 
secutive semesters. It was of some 
interest to see if men and women 
responded differently to the Lightfoot 
series and to examine the stability of 
norms from one group to another 
among Brown University students. 
There were available the judgments 
of 390 students, divided between two 
successive semester courses. Of these, 
130 were obtained in Semester I and 
260 in Semester II. There were 245 
men and 145 women. The data on the 
first 16 pictures are presented in 
Table 2. For comparison purposes 
the modal category and the percentage 


rABLE 2 


DIFFERENCES BETWEEN SEXES 


M AND F) AND BETWEEN Successive Groups 


(1 AND IT) 


Sex Differences 


Percentage of Ss in 
Modal Category 


Modal Category 


M (245) 
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Group Differences 


Percentage of Ss in 


Modal Category Modal Category 
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11 (260) 
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* For Picture 9, M-F comparison yields a chi square of 3.58, df = 1, P = .10 > .0S 
» For Picture 2, Male-Female comparison yields a chi square of 6.36, df = 1, P = <.01 
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of Ss placing each picture in the 
category were considered. The left 
half of Table 2 shows that the only 
picture in which there was a sex 
difference in the modal category was 
Picture 9, which Table 1 lists with 
a mean of 5.37, very close to the value 
of 5.5 which separates Category 5 
from 6. This picture, posed as 
Extreme Pain, seems to have been 
judged as either Disgust or Contempt 
(Table 1) and the prediction from 
the dimensional judgments (see be- 
low) put it in the middle of the Disgust 
category. The other picture to show 
a sex difference was No. 2, which was 
posed as Anxiety. Both sexes put it 
in Category 3 (Fear, Suffering), but 
women seemed to be significantly 
more able to recognize it. It is of 
interest to note that while this was 
the only picture which yielded sta- 
tistically reliable differences between 
men and women judges, 14 of the 16 
differences showed higher agreement 
among the women judges. 

The right half of Table 2 shows 
that there was complete agreement 
on modal categories by two successive 
crops of students, and that there were 
no significant differences in the per- 
centages of students selecting the 
modal categories. Hence we may 
assume that women show a slight 
tendency to excel men in_ their 
ability to recognize occasional facial 
expressions in the Lightfoot series, 
representing a female face. (Somewhat 
more pronounced differences have 
since been found on the Frois-Witt- 
mann pictures of a male face. These 
will be reported in a later paper.) 

Effects of short exposures.—The 
standard method was to present each 
picture for 10 sec., permitting Ss to 
see it while they were recording their 
judgments. It seemed desirable to 
determine the effect of forcing Ss to 
make quick judgments. Hence 150 
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new Ss were give .5-sec. exposures 
of the pictures and allowed the re- 
maining 9.5 sec. of the interpicture 
interval to record their judgments. 
The results will not be presented 
in detail, for they showed no major 
or systematic shifts in means, while 
the ADs increased consistently by 
less than 10%. 

Prediction of Woodworth scale values 


from dimensional ratings.—Schlosberg 


(1952) reported that surprisingly good 
predictions of the Woodworth scale 
values could be made from _ inde- 
pendent ratings on two dimensions, 
Pleasantness-Unpleasantness, and At- 
tention-Rejection. He reported cor- 
relations of .94, .92, and .96 between 
predicted and obtained scale values, 
in two independent experiments with 
the Frois-Wittmann pictures and one 
with the Ruckmick series. But a 
more revealing measure was the 
average error of prediction, which 
was of the order of a half-scale step 
where chance would be 1} steps. The 
average error of prediction of the 
present scale positions based on 
predictions from the P-U and A-R 
dimensional ratings given in Engen, 
Levy, and Schlosberg (1958) is .60 
scale steps. The error can be cut to 
.50 scale steps by shifting the arbitrary 
origin of the ordinate to .60 instead 
of 1.00 on the Woodworth 
the same adjustment cut the Ruck- 
mick average error of prediction to 
42 steps. It may be more than coin- 


scale ; 


cidence that rotation helps prediction 
for both 
but not for the Frois-Wittmann male 
series (Schlosberg, 1952). 


series of female pictures, 


The dimensional ratings do not seem 
to predict the Woodworth scale values 
quite as well in the Lightfoot series as 
they did in the two earlier series reported 
by Schlosberg (1952), although they 
are of the same order of magnitude. 
However, this should 


have been ex- 
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pected, for the series was 
deliberately 


pictures of low 


Lightfoot 
planned to include 
Sleep-Tension 


some 
value, 

have 
This should yield more 


where the other two dimensions 


restricted range. 


pictures that are near the neutral posi- 


tion, and hence harder to judge in the 


circumferential dimension described by 


the Woodworth scale. 


SUMMARY 


Norms are presented for the Woodworth 
ile positions of the 48 pictures constituting 
the Lightfoot facial expressions 
The norms are quite stable, showing little 
change with sex of judges, method of calcu- 
tion, duration of exposure, or from successive 


series of 


judges However, there is some 
indication that women 
in judging a few of the pictures 
study 
tudies on two other series of facial expres- 
ons, in which it was found that the scale 
positions could be predicted fairly well from 


groups ol 
ire better than men 
earlier 


rhe present confirms the 


dimensions of 
Attention 


dependent ratings on the 
Pleasantness-Unpleasantness and 


Rejection 
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TACTUAL FORM DISCRIMINATION: A DEVELOPMENTAL 
COMPARISON UNDER CONDITIONS OF 
SPATIAL INTERFERENCE! 


EUGENE S. GOLLIN 


Queens College 


There is evidence which indicates 
that accurate apprehension of tactual 
stimulus patterns is disrupted when 
there is damage to the central nervous 
apparatus. Similar apprehension dif- 
ficulties occur among young normal 
children and in geriatric groups with 
no manifest neurological signs. 


Cohn (1951) has reported that when two 
cutaneous tactile stimuli are simultaneously 
applied to ipsilateral surfaces only the more 
rostral stimulus is perceived by a group of 
adults with damage primarily in the thalamo- 
parietal projection system. The stimulus 
applied to the face obliterates stimuli applied 
simultaneously to the elbow, wrist, or hand. 
Fifty essentially normal children between the 
ages of 3 and 10 yr. were alsotested. Children 
between the ages of 3 and 54 yr. show per- 
sistent patterns of response that resemble the 
behavior of adults with irreversibly disturbed 
brain function. After the age of 6 yr. the 
phenomenon of rostral dominance is no longer 
evident. 

Fink and Bender (1953) tested 300 normal 
children between the ages of 3 and 15 yr. 
In addition to ipsilateral asymmetric stimula- 
tion they also simultaneously stimulated the 
cheek and the dorsum of the contralateral 
hand. The child was asked to point to the 
sites stimulated. They report that 80% of 
the children under the age of 6 yr. fail to 
localize both stimuli during the initial 10 
trials. In older children the number of 
failures fell sharply. 

Green and Bender (1953) compared normal 
children aged 3-6 yr. with normal adults by 
the same methods. In normal adults errors 
occur only during the initial trials and then 
disappear. In children the errors persist 
during many trials. Normal adults over 65 
yr. tend to resemble young normal children 
in the incidence and pattern of perceptual 
errors. 


This research was supported by grants 
from the National Science Foundation. 


Utilizing more complex stimuli (forms 
constructed of raised tacks) and a method 
of active manual exploration, Ross (1954) 
found that normal adults were superior to 
brain-injured adults in tactual form discrimi- 
nation. A similar advantage in form dis- 
crimination was found for normal adolescents 
when they were compared with retarded 
adolescents (Hall, 1956). 


The present experment is designed 
to compare normal children with 
normal adults on tactual form dis- 


crimination in the absence and _ pres- 
ence of spatially distributed inter- 
In the former task only the 
‘figures’ are presented for judgment. 
In the latter task, judgments are 
made with the interferents spatially 


ferents. 


the form. It is 
the performance 
interferent task 
inferior to adult 
discrepancy 
the noninter- 
A) will not be as 


distributed about 

hypothesized that 
of children on the 
(Task B) will be 
performance; the 

tween the groups on 
ferent task (Task 
great. 


be- 


METHOD 


Subjects —All 60 adult Ss were college 
students who volunteered their services. 
The children were pupils in the first three 
grades of a public elementary school.?_ The 
summary descriptive data of the 30 chil- 
dren tested on Task A and on Task B are: 
Mean CA = 90.28 mo., SD = 12.28; Mean 


2 The writer wishes to express gratitude 
to Edward Moses, Principal of Public School 
201, Flushing, New York, and to his staff 
for their cooperation in providing subjects 
and working facilities for the research. 
Acknowledgment is also made of the excellent 
work done by Charles S. Feldstone who 
served as Research Assistant. 
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STANDARD 


Fic. 1. Examples of materials used. 


forms. 


1Q = 121.37, SD = 4.75. The 30 children 
who were tested on the interferent task only 
had the following descriptive characteristics: 
Mean CA = 91.50 mo., SD = 9.35; Mean 
1Q = 121.03, SD = 11.66. 

Materials and procedure.—There were 20 
standard forms constructed of metal tacks 
hammered onto 10 X 10-in. sheets of shel- 
lacked plywood. There were 20 comparison 
forms without interferent tacks and 20 with 
the interferents present (see Fig. 1). In 
Task A (no interferent tacks) and in Task B 
(interferent tacks) the standard was identical 
with the comparison form in half the trials 
and different from the comparison form in 
the balance of the trials. The respective 
dimensions of the tacks were as follows: small 
(“‘figure” tacks), diameter 1.52 cm., height 
.42 cm.; large (“interferent”’ tacks), diameter 
1.82 cm., height .45 cm.‘ 

In both tasks the standard and comparison 
forms were presented in separate curtained 
boxes placed side by side. The S never saw 
*The IQ scores were obtained from 
school records and are based on the Pintner- 
Cunningham Primary Test: Form A. 

* Appendix A, containing detailed instruc- 
tions, pictures of the apparatus, and of the 
forms employed, has been deposited with the 
American Documentation Institute. Order 
Document No. 6302, remitting $2.25 for 
35-mm. microfilm or $5.00 for 6 X 8-in 
photocopies. 


In Task A the standards are compared with the A 
In Task B the standards are compared with the B forms. 


the tactual forms. The S was required to 
explore the standard form for 15 sec. with his 
preferred hand, hand flat with fingers to- 
gether, and was then given up to 15 sec. on 
the comparison form with the same hand. 
He was told that the “bumps” on each board 
make a form or shape, like a circle, for 
example, and that for each pair of boards he 
must decide whether the successively explored 
forms are just the same or different. Before 
S was given Task B he was required to 
demonstrate that he could distinguish be- 
tween a small and a large tack. All Ss who 
were tested were able to make this discrimi- 
nation. Prior to Task B, Ss ware told to 
disregard the larger “‘bumps”’ in making their 
judgments. Thirty children and 30 adults 
were tested on Task A and approximately 
7 days later they were tested on Task B. 
The same number of children and adults 
were also tested on Task B only. 

Only 15 items were scored. The 5 items 
not included were found to be too easy in 
pilot studies: that is, they failed to discrimi- 
nate either between age groups or experi- 
mental conditions. All 20 items were ad- 
ministered in order to maintain the length 
of the tasks. 


RESULTS AND DISCUSSION 


Table 1 contains the discrimination 
score means and SD of children and 
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TABLE 1 
DISCRIMINATION SCORE MEANS AND SDs 


Task A Task B 


Groups 


| Mean SD 


Mean 


Children 30 | 9.07) 1.62 
Adults 30 | 10.77 | 1.50 


6.63 

10.70 
Children 30 
Adults 30 


6.73 | 
9.03 


adults tested on Tasks A and B, 
and on Task B only. With respect to 
the A-B groups, the discrepancy be- 
tween their performances on Task B 
is greater than on Task A. The 
analysis of variance in Table 2 shows 
that Age Levels and Tasks both yield 
significant F values. The interaction 
term suggests that the spatial inter- 
ferents contained in Task B are 
significantly more disruptive for chil- 
dren than for adults. There are 
statistically significant differences be- 
tween children and adults on both 
Task A and Task B. The ¢ value 
for the former comparison is 4.23, 
P < .001; for the latter comparison 
t = 8.50, P < .001. The difference 
between the children’s means on 
Tasks A and B is statistically signifi- 
cant (¢ = 5.89, P < .001). There 
is no significant difference between 
the A and B performances of the 
adults. 

TABLE 2 
ANALYSIS OF VARIANCE OF DISCRIMINATION 

SCORES 
Source 


249.41 
46.88 
42.00 

338.50 


85.41* 
16.05* 
14.38* 


Age Groups 
Tasks 

Age X Tasks 
Within 
Total 


*P < 001. 


A comparison of the discrimination 
scores of the groups tested only on 
Task B with the Task B scores of the 
groups tested on both Tasks A and B 
provides information about the con- 
tribution of the previous A experience 
to performance on B. There isa slight, 
nonsignificant difference between the 
child groups. However, adults who 
have been previously 
Task A significantly 
higher discrimination mean score than 


tested on 
achieve a 


adults with no previous A experience 
(¢ = 2.68, P < .01). Experience on 
Task A appears to facilitate adult per- 
formance on Task B—no such effect is 
present among the children. 


The results indicate that the children 
in this investigation were less able than 
the adults to disregard the spatially 
distributed interferents. The apprehen- 
sion of the forms is differentially im- 
paired for the children by the spatially 
placed tacks. In the _ rostral 
dominance studies reported above the 
young children appeared to have dif- 
ficulty in apprehending simultaneously 
applied tactile stimuli. In the present 
investigation a somewhat older group 
has difficulty in disregarding tactile 
stimuli during an attempt to apprehend 
a configuration constructed of discrim- 
inably smaller tactile stimuli 


large 


SUMMARY 


Children and adults were compared on two 
versions of a tactual discrimination test. In 
the first version they were required to indicate 
whether manually explored pairs of forms 
were the same or different. In the second 
task they were required to make the same 
comparison with background interferents scat- 
tered among one member of each pair. Adults 
were more successful than children under 
both conditions; their success under the 
second condition was considerably greater. 
Adults who were tested on the two tasks 
performed significantly better on the second 
task than a group of adults who were only 
tested on the second task. No such differ- 
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ences were found between comparably tested 
groups of children 
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EFFECT OF SELF-SATIATION ON PERCEIVED 
SIZE OF A VISUAL FIGURE! 


P 


DUNCAN 


Northwestern University 


In and Wallach’s (1944 
visual figural aftereffects 
1 few cases are reported in 
the contour of the test (T) 
figure was identical to and coincident 


K6hler 


study of 


(FAE) 


which 


with the contour of the previously 
fixated (1) figure. The 
usual finding in these cases was that, 
among other FAEs, the test figure 
seemed appear smaller in size 
than a comparison figure of the same 
Hebb (1949), McEwen 
(1958), and Sagara and Oyama (1957) 
claim that this finding is a serious, 


inspection 


to 


objective size. 


perhaps the most serious, objection 
to K6hler and Wallach’s neural satia- 
tion theory. The theory deals pri- 
with contour displacement, 
within which the size effect described 
Ac- 
to the authors just cited, 
the theory should predict no displace- 
ment, no size change, when inspection 
and test figures have identical con- 
tours and these fall in 
exactly the same place in the visual 
field. 

There now seems no question that 
the T figure appears smaller in th 
case of identical and coincident 1 
and I contours. Sagara and Oyama 
(1957, Fig. 2) 
and there 
{ Mori, 
which 


marily 


above is merely one variety. 
cording 


contours 


summarize six studies 

at two 
Oyama, 1959), all 
that the T figure ap 
peared reduced in size in this case 
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All of the eight Japanese studies 
just cited used outline circles both 
as | and T figures, and all measured 
FAE, i.e., change in size of the test 
circle. Even though the circles may 
have identical, and the time 
interval between them only a fraction 


been 


of a second (though it was sometimes 
longer), one cannot determine from 
these studies whether there were any 
changes in the I circle itself during the 
inspection period (Kéhler and Wal- 
lach’s [1944] ‘‘self-satiation”’). Since 
self-satiation effects are not neces- 
sarily the same as FAEs (Kohler & 
Wallach, 1944, p. 348f.), it seems 
worthwhile determine whether 
an outline | circle alone shows any 
apparent change in size after it has 
been fixated for some time. This is 
the purpose of the present study. 

An experiment similar in basic 
procedure to the present study has 
been reported as part a larger 
investigation of self-satiation by Ikeda 
and Obonai (1953). The same five 
Ss served in 12 conditions in their 
experiment, fixation to the left or the 
right of an outline circle (I figure) for 
1, 15, 30, 60, 120, or 240 sec. During 
fixation, only the I| circle was visible ; 
a comparison circle on the other side 
of the fixation point was covered by 
a white card. At the end of inspec- 
the was removed and S 
judged the size of the I circle against 
the comparison circle. The findings 
were that the | circle appeared re- 
duced in The shrinkage in- 
maximum at about 60- 
after 


to 


of 


tion, card 


size. 
creased to a 
which 
Since 


sec. inspection time, 


there was no further change 
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the shrinkage was quite small, and 
since the findings were based on rela- 
tively few Ss who served in all condi- 
tions, it seemed desirable to supple 


ment Ikeda and Obonai’s experiment 


METHOD 


Apparatus.—-A white posterboard screen, 
40 in. wide, 22 in. high, was mounted ver 
tically on a frame attached to th 
front edge (as viewed by S) of a table \ 
iperture, 9 in. wide and 7 in. high, was cut 
in the screen and centered in the screen in the 
horizontal dimension rhe top edge of th 
uperture was 5 in. from the top of the scree: 
its center was 43 in floor Phe 
iperture was filled with clear Plexiglas on the 
front surface of which was painted a small 
black fixation cross centered in the aperture 


wooden 


from the 


\ white posterboard shutter could be raised 
or lowered by E, sitting behind the scree 
to uncover or cover the aperture 

rhe S fixation mark fro 
sitting position at another table on the 
of which was Bausch 


adjustable head- rest 


fixated the 
eden 
and Lomb 
When 


distance 


mounted a 
ind-chit 
head was fixed in the rest the fron 
the cornea to the fixation mark was wimiall 
12 ft 


forward or backward by 


6 in., but S was allowed to tip the rest 
as much as 1 in. to 
obtain the most comfortable position for him 

Stimuli rhe | 


circle 2 in. in outside 


stimulus was an outline 


diameter There were 
1ine comparison circles varying in diameter, by 
steps of 1/16 in., from 1 12/16 in. to 2 4/16 
in. ‘The middle comparison stimulus was the 
same diameter as the I circle The contour 
wide in all circles 
All stimuli drawn 
photographed, reproduced as glossy positive 


bl if k 


and drymounte 


Was 9/52 
were in India ink 


prints circle on wh background 
don posterboard ¢ irds bac ked 
by Masonite to prevent warping. In addi 
tion to the cards bearing the | 


stimuli, a 


ind compariso1 


blank glossy positive paper 
mounted the same as the stimuli) was also 
ivailable. All cards were slightly taller thas 
the vertical 7 of the 
permit them to slide easily, but be held firmly 
in tracks mounted on the rear of the poster 
board screen above and below the Plexiglas 

Since the 
ind pressed firmly to, the Plexiglas 
window, the and the stimuli 
differed by a distance of } in., the thickness 
of the Plexiglas 

he card bearing the | circle was mounted 
behind the 


size aperture to 


window cards 


behind 


were presented 


fixation 


cross 


permanently window and was 


ON A VISUAL 


FIGURE 


never moved during the course of the exper 
As viewed by S, the I 
centered vertically in the window to the right 
of the fixation cross such that the center of 
the circle was in the same horizontal plan 
At its closest point, the left out 

side edge of the contour of the circle was $ i 

to the right of the cross. The left vertical 
edge of the card bearing the | circle passed 
through the cross. The blank card, or the 
cards bearing the comparison circles, could 
be slipped into position to the left of the cross 
that their right vertical 
passed through the cross. Edges of cards were 
trimmed smooth and straight by a 
papercutter, so the line formed by 


ment circle was 


as the cross. 


such edges als 
power 
adjoining 
edges of the inspection card and any. other 
card, and passing through the fixation cross 
was nearly invisible from S's position 124 ft 
When 


ircle was in place, the right outside edge of 


away a card bearing a comparison 
the circle’s contour was, at its closest point 
, to the left of the this 


4 in fixation 
listance sizes off 


cTOSss ; 
constant for all 
rhe total pattern formed 


cross, 


remained 
comparison circles 
by I fixation and 
circle, subtended about 2° of 
Under the room illumination 
the experiment the luminance of the white 
background of a circle (glossy positive paper 
measured through the Plexiglas window b 
MacBeth illuminometer, was about 16 mL 
Conditions.—There were three conditions 
control, continuous inspection, and dis 
tributed inspection. In the control conditior 
Ss judged the size of the I circle against the 
comparison circles without a prior period of 
fixating the I circle In the continuous 
inspection group, Ss first fixated the fixatior 
mark (I circle on the right, blank card on the 
left) continuously for 2 min., at the end of 
which time they made judgments in the same 
Since Ss find it 
difficult to maintain fixation continuously for 


circle, comparisor 
V isu il angle 


used throughou 


way as the control group 
and since ot 
them report qualitative changes in the sti: 
lus during such periods (Marks, 1949 
distributed inspection group was run in th 


periods as long as 2 min., some 


same way as the continuous group except 
that the 2 min. of fixation was presented i 
fixation and 10 sex 
\t the end of the last (eighth) 15-sec. period 
these Ss made judgments in the same wa‘ 
as the other two groups. 

Subjects The Ss were 540 students fr 
elementary psychology courses, 180 in each 
of the three conditions. When students were 
isked to serve as Ss for the experiment it was 
specihed that “only those with fairly good 


Vision or good vision 


cycles of 15 sex rest 


orrected with glass¢ 
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should serve.’ During the experiment all Ss 
were questioned on whether they could easily 
see the fixation cross from their viewing posi- 
tion; the records of two Ss who reported 
difficulty seeing the cross were discarded 
The records of seven Ss who failed to follow 
instructions or for whom E made procedural 
errors were also discarded. All rejected Ss 
were replaced. 

Procedure-—As soon as S was seated 
comfortably with his head in the headrest, E 
explained that when the shutter was raised 
S would see a small black cross. It was 
strongly emphasized to S that whenever the 
cross was in view at any time during the 
experiment S must look directly at the cross 
and never move his eyes from it (binocular 
viewing was used throughout). The S was 
told he could, and should, blink but always to 
fixate the whenever it was present 
Chen S was told that to the right of the cros 
there would be a circle which would remain 
in position throughout the experiment, that 
S’s task would be to judge the size of this 
circle against other circles which would be 
presented to the left of the cross, and that 
these judgments would have to be 
while fixating the cross. The S was told that 
each time a new circle appeared on the left 
he would have a few seconds during which 
he must say whether the circle on the left 
was larger or smaller than the fixed circk 
on the right, no equal judgments allowed 

The Ss in the continuous inspection group 
were told that before they made these judg 
ments there would be a period during which 
they would simply fixate the cross and that 
circles would be presented for judgment at 
the end of this period. The Ss in the dis- 
tributed inspection group were given this 
instruction and were also told that during 
the time they were fixating the cross the 
shutter would be dropped to cover the window 
occasionally. These Ss were told that whil 
the shutter was down they were not to look 
at anything but the white surface of the 
shutter. 

As soon as S understood what he was to do 
the shutter was raised and E simultaneously) 
said, ‘‘Fixate the cross,’’ to all Ss. For Ss in 
the control group a comparison circle was 
already in place when the shutter was raised, 
and these Ss were immediately told to say, 
without looking away from the cross, whether 
the circle on their left was larger or smaller 
than the one on their right. Several times 
during the 2-min. inspection period for th 
continuous group these Ss were told to blink 
but keep fixating the cross. The Ss in the 
distributed inspection group were told to 


cross 


made 
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fixate the cross each time the shutter was 
raised at the end of a 10-sec. rest period 
During the last 15 sec. of inspection, Ss i: 
both the continuous and distributed inspec 
tion groups were warned that soon E would 
start presenting other circles to the left of 
the cross which were to be judged as larger or 
smaller than the circle on the right. 

Each of the nine comparison stimuli was 
presented once to each S. Each comparison 
stimulus appeared for 4 sec. In order to 
minimize satiation of the comparison stimuli, 
a 10-sec. rest was given after presentation 
of each stimulus. For the control group, the 
shutter the window during these 
10-sec. periods to prevent accumulation of 
satiation to the inspection circle. For the 
continuous and distributed inspection groups, 
the blank card was put back into position 


COV ered 


after presentation of each comparison stimu 
lus and the shutter was raised during the 
10-sec. rest periods, with instructions to fixate, 
to prevent dissipation of satiation to the 
inspection circle. Thus, total fixation time 
for both inspection groups was 2-4 min. by 
the end of the experiment 

rhe stimuli were ar- 
ranged in nine completely different orders of 
presentation so that each stimulus appeared 
first stimulus presented, once as 
second stimulus presented, etc. Within each 
of the three groups, 20 Ss went through each 
of the nine orders. 


nine comparison 


once as 


RESULTS 


The percentage of Ss (out of 180 
in each group that judged each of the 
nine comparison stimuli larger than 


the I stimulus was determined and 
these percentages were used to ob- 
tain, by the method of least squares 
(Woodworth & Schlosberg, 1954, p. 
206), a mean size of comparison circk 
judged equal to the I circle. These 
means (and SDs) are shown in Table 
1. It may be seen that both the 
continuous and distributed inspection 
groups have means smaller than the 
mean of the control group, suggesting 
some reduction in 
the | circle. 


apparent size ol 
Following the suggestions of Wood- 

worth and Schlosberg (1954, p. 208 

the N used 


for ¢ tests between the 
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TABLE 1 


MEAN SIZE OF CIRCLE IN INCHES JUDGED 
EQUAL TO THE 2-IN. INSPECTION CIRCLI 
One set of means is based on all com- 
parison stimuli, the other on only 
the first-presented comparison 
stimulus) 


All Stimuli First Stimulus 


Mean SD Mean SD 
1.9902 
2.0061 
2.0244 


.0699 
.0642 
0807 


Continuous 
Distributed 
Control 


1.9837 
1.9854 
2.0078 


.0729 
0708 
0708 


Table 1 


number of Ss in 


means of the 
group, 180. 
The control mean was significantly 
larger than either the mean of the 
continuous inspection group (¢ = 4.28, 
P < .001) or the mean of the dis- 
tributed inspection group (¢ = 2.37, 
P < .02). The continuous inspection 
mean was smaller than the distributed 
inspection mean at a low level of 
significance (t = 2.24, P < .05). 
Table 1 shows means com- 
puted from judgments of only the 
first comparison stimulus presented 
to S (each of the nine comparison 
stimuli appeared once as first stimulus 
for 20 Ss in each group). 
seen, which 


was simply 
each 


also 


As can be 


these means, are less 


likely to be influenced by any changes 
in satiation that might occur during 


the testing period, yield the same 
rank order as the means based on all 
stimuli. Again using N = 180 for 
each group, the control mean 
significantly larger than either the 
continuous group mean (¢ = 3.17, 
P <.01) or the distributed mean 
(¢ = 2.99, P < .01). The continuous 
and distributed means did not diffe: 
(¢ = .22). Thus, either with all 
stimuli or with first stimulus alone, 
the size of circle judged equivalent 
to the inspection circle was smaller 
for either inspection group than for 


was 
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the control group. The distributed 
group, in which some dissipation of 
satiation could occur during the 10- 
sec. rest intervals interspersed in the 
fixation period, tended to show less 
reduction in size of the circle than the 
continuous group. 


In a previous study (Duncan, 1958) it 
was found that a different measure yielded 
results highly correlated with those based on 
means computed by least squares. This 
measure was the number of larger judgments 
made by each S. It has the advantage that 
one obtains directly a raw score for each S 
thereby permitting use of analysis of variance 
In the present experiment each S judged nine 
stimuli once each, thus S’s score could range 
from 0 to 9. Table 2 shows the mean number 
of larger judgments for each group. Since 
1 higher mean value indicates that more of 
the comparison stimuli were judged larger 
than the I circle, the pattern of these means 
yields the inverse rank order of the three 
groups as obtains in the means of Table 1, 
i.e., Table 2 also suggests that the continuous 
inspection group appears to have perceived 
the inspection circle as smaller than did the 
distributed inspection group, which in turn 
perceived the circle as smaller than did the 
control group. 

In the analysis of variance on the means of 
lable 2, opportunity was taken to test for 
iny differences among the nine orders in which 
the comparison stimuli were presented. Thus, 
a two-way analysis was done in which major 
group was one variable, stimulus order the 
other. The analysis revealed highly signifi 
cant differences among Groups (F = 18.90, 
P< .001, 2/513 df) Stimulus | Orders 

F = 1.76, 8/513 df) and the interaction 
(F = 1.01, 16/513 df) were not significant 
By ¢ test, the control group mean was signifi 
cantly different from both the continuous 
(t = 5.78) and the distributed (¢ = 4.44 
inspection groups. The continuous and 
distributed groups did not differ (¢ = 1.51 

Thus, this measure, number of larger judg- 


TABLE 2 


MEAN NUMBER OF LARGER J UDGMENTS 


Group Mean SD 


Continuous 
Distributed 
Control 


4.661 
4.522 
4.117 
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ments, also suggests that the inspection circle 
appeared smaller to both inspection groups 
than it did to the control group 


DISCUSSION 


results 
and 


The confirm the findings of 
Ikeda (1953); after pro- 
longed fixation at the same place in th« 
visual field, an outline circle appeared 
slightly reduced in size. The shrinkage 
was quite small. With a circle sub- 
tending about 34’ of visual angle, Ikeda 
and Obonai found a maximum reduction 
of about .8’ (.67 mm. shrinkage in a 
30-mm.-diameter circle) after 1-4 min 
inspection. 


Obonai 


In the present study, com 
parison of the continuous 
group and control group based 
on all stimuli (Table 1) indicates a 
shrinkage, after 2-4 min. inspection, of 
about .8’ in a circle subtending about 
46’ (.0342 in. shrinkage in a 
ameter circle). Data from the 
study include error, 
since the inspection circle was always 
to the right of the fixation point, but 
in Ikeda and Obanai’s experiment space 
error was controlled. 


inspection 
means 


2-in.-di- 
present 
may 


some space 


It may be of interest to compare with 
these values the amounts of shrinkage 
obtained when a T 
with an I circle, i.e., 


circle is coincident 
in the figural after 


effect case that most closely corresponds 
to the case of self-satiation of the I circle 


Oyama (1956) gives the parameters 
needed to determine the shrinkage found 
by the six studies summarized in Sagara 
and Oyama’s (1957) Fig. 2 (the necessary 
data are not 
studies). 
T circle 


available for any other 
Table 3 gives the size of the 
(which is also the size of the | 
circle) in visual angle, the time of fixation 
of the I circle, and the shrinkage of the 
T circle (computed from the percentage 
shrinkage reported by Sagaraand Oyama). 
The labeling of the studies is the same 
as that used in Sagara and Oyama’'s 
It can be seen that five of the 
six studies found shrinkage 
from slightly less than 1’ 
than 2’, found shrinkage of 
more than 6’, but his circle 
siderably than the circles 
by the other five investigators. 


Fig. 2. 
ranging 
to slightly more 
Kogiso 
was con- 
larger used 


Ikeda 


rABLE 3 


APPARENT SHRINKAGE 
OF THE T CIRCLI 
CirRcLE, ORIGINAI 
AND INSPECTION 
REPORTED BY 
Fic. 2) 


IN VISUAL ANGLI 
COINCIDENT WITH THE | 
SIZE OF THE T CIRCLE, 

TIME FOR THE SIX STUDIES 

SAGARA AND Oyama (1957, 


Inspection Test Circle 


Study 
Time (Sec.) Size 


Shrinkage 


Oyama | 1 
Oyama 2 1 
Oyama 3 l 
Ikeda 12 
Ikeda & 

Obonai 
Kogiso 


( 


and Obonai also used a fairly large circle 
and found the smallest amount of 
shrinkage, but their inspection time was 
only .5 sec. 

The FAE Table 3 that 


afford the best comparison to the self- 


studies in 


satiation experiments (i.e., the present 
study, and Ikeda & Obonai, 1953) are 
the three identified in the table as Oyama 
2, Oyama 3, and Ikeda. The two Oyama 
experiments used circles essentially iden 
tical in size to that used in the present 
study (nearly 46’). Ikeda's circles 
(about 34’) were essentially identical 
to that used by Ikeda and Obonai (1953) 
Inspection times probably long 
enough in all studies to achieve 
nearly maximal amounts of shrinkage 
Table 3 shows that the three FAE studies 
all found roughly 2’ shrinkage of the 1 
circle. As reported earlier, the two self 
satiation experiments found about .8’ 
shrinkage of the I circle. It does not 
seem likely that the difference is reliable. 
but at present this cannot be deter 
mined. (In percentage shrinkage, Ikeda 
and Obonai [1953] found 2.2% shrinkage 
due to self-satiation; the value for the 
present study was 1.7%. As may be 
seen in Sagara and Oyama’s [1957] 
Fig. 2, all of the figural aftereffect 
studies except Ikeda and Obonai [who 
used only .5 sec. inspection] found 
shrinkage between 4% and 5.5% when 
test and inspection circles coincided.) 

If the findings of the present study 


were 
five 
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Ikeda and Obonai (1953) 
on self-satiation are reliable, then neural 
satiation theory is confronted with a size 
change or displacement that 
seems at least as difficult, perhaps more 
difficult, to account for than is the FAE 
shrinkage of test figures 
Hebb (1949, p. 56) believes the theory 
should predict that the perceived size of 
cire le 


and those of 


contour 


coincident 


a square or should increase, not 


decrease, as satiation increases because, 
as Kéhler and Wallach (1944) repeatedly 


insist, satiation is greater inside than 


outside the contour of a closed outline 


figure Contours should recede from 


more less 


highly to satiated 


Che 
satiation presented by 
Held O'Connell (1952 
seems no better able to account for size 


highly 


areas more specific version of 


neural theory 
Kohler and 
reduction due to self-satiation 

Kohler Wallach (1944, p. 351 
seem to that the outline 
a special case, as 


Although 


inside 


and 
imply circle 


may be regards its 


own self-satiation they say, 


satiation is greater than outside 
satiated 

But 
self-satiation is not 


Ikeda 


two 


the contour of a circle, the 


area is greater on the outside 
shrinkage due to 
limited to outlin« 
1953 


lines on 


circles and 


Obonai presented vertical 


parallel one side of a fixation 


point. After some fixation, presentation 
{ a comparison figure on the other side 
ot the 


fixated 


fixation mark revealed that the 


lines appeared closer together 
and the lines themselves appeared shorter 
Nozawa 1955) 
line 100 


fixation point 


presented a horizontal 
mm 
\fter 40 sec 

appeared 
for 9 Ss) 
with 


inspection 
the line shortened by an 
average of 5.67 mm. in com 
lines of 


presented on the 


parison varying length 


opposite side of the 


fixation mark Constant errors in 
controlled.) 
Increasing the inspection time, or pre- 
100-mm. line intermittently 
e.g., at 1 or 2 cycles/sec.) during fixa 


tion, 


judgment of length were 


senting the 
increased the apparent shortening 
much as 11 mm \l 
Wallach 1944 p 


self-satiation cannot 


of the line to as 
Kohler 


only 


and 
that 
“distort” 


though 
351) say 
line 


“displace” or a straight 
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long on one side of the 


FIGURE 135 
it would seem they should also predict 
that apparent reduction in its 
should not occur. 
Despite the fact 
studies, both of self-satiation 
FAE, seem to present difficulties for the 
contour displacement aspect of satiation 
theory, these difficulties 
insuperable. There are a 
factors to consider. First, a T 
presented in the same place as the just 


length 
that a number of 
and of 


may not be 
number of 
hgure 


removed I figure also shows color and 
depth changes; the test figure tends to 
appear grayer than 
comparison 
tively 


and farther away 


stimuli presented in rela 


unsatiated areas. Since color and 
depth changes tend to be maximal when 
the T with the | 


figure, whereas contour displacement ts 


figure is coincident 


maximal when the contours of the two 
figures are separated by a short distance 
and 


the distance paradox), Kdhlet 


Wallach did not 


depth changes to explain displacement 


appeal to color and 


Jut it is possible that either an | figure 


alone, in the case of self-satiation, or a 


l figure, may appear smaller just becaus« 


it appears grayer (less contrast) and 
farther away than the comparison stim 
which it is being judged 
The depth effect, which might have the 


consequences for 


uli against 
same judgments of 
size as an actual reduction in 
size ot the 


apparent 
image, would be 
important to 


this connection 


retinal 
particularly examine in 
Second, when a figure is presented on 
one side of a fixation mark, some parts 
of the 
mark 
former 


fixation 
and the 
foveally 
Since the 
which 


figure are closer to the 


than are other parts, 


parts are also more 
latter. 


visual 


than are the 
mark is a figure 
should also produce satiation, it 


located 
fixation 
ma\ 
have some effect on size changes, par 
ticularly on the shortening of Nozawa's 
(1955) straight horizontal line 
to-peripheral differences may 


Foveal 
also pro- 
duce inhomogeneities of satiation which 
could influence size judgments (though 
Kéhler and Wallach (1944) and Hebb 
1959) disagree on the nature of these 
inhomogeneities) Also, Kéhler and 
Wallach report that satiation is usually, 
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stronger in the lower half than in the 
upper half of the visual field. Inhomo- 
geneities of satiation, from any source, 
may influence size judgments directly, 
or indirectly by producing changes in a 
figure’s apparent 
shape. 

\t present, 
contour 
readily 
theory. 


color, distance, or 
number of 

which do _ not 
neural 


there are a 
displacements 
follow satiation 
These include some self-satia 
tion effects, and FAEs both in the case 
of superimposed T and I contours, and 
in certain other cases (e.g., Kohler & 
Wallach, 1944, Fig. 19; Smith, 1954). 
But in view of the theory’s many success- 
ful predictions, the difficulties that these 
cases present should not 


from 


be overstated. 


SUMMAR\ 


lo test for apparent changes in size of an 
outline inspection circle following fixation 
of the circle for a period of time, three groups 
of 180 Ss each judged the size of the circle 
against a series of comparison circles of vary- 
ing size. Prior to judging, one group of Ss 
continuously fixated a point immediately to 
the left of the inspection circle for 2 min 
\ second group fixated for 2 min. in cycles of 
15-sec. fixation and 10-sec. rest. The third, 
control, group judged without a prior period 
of fixation. 

The results were that the inspection circle 
was judged significantly smaller in size by 
both fixation groups than by the control 
group. The apparent reduction in size was 
slightly greater for the group that had fixated 
continuously than for the group that had 
rests interspersed in the fixation period. The 
results were discussed in relation to neural 
satiation theory 
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